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OF 
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LETTER OF TRANSMITTAL. 


To His Excellency, 
JAMES B. ORMAN, 
Governor of Colorado. 

In accordance with the conditions of the act of Congress which 
requires a full and detailed report of the operations of the E.xperi- 
ment Station, I have the honor to present herewith the Fourteenth 
Annual Report. 

The financial statement is for the United States fiscal year 
ending June 30; the other portions being reported substantially for 


the current year. 
L. G. CarpeNntER, Director. 
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REPORT OF THE DIRECTOR. 


To The Executive Committee : 
Gentlemen: I have the honor to present the following report © 
as Director of the Experiment Station for the present calendar 
year. ‘This also includes the reports of progress of the different 
sections. 
FINANCES. 


As the fiscal year ends June 30, it is more convenient to re- 
port the situation at that time. For the fiscal year ending June 
30, 1901, the receipts from all sources amounted to $16,280.17. 
There was a balance of $317.47 brought forward from the pre- 
vious fiscal year, and $298.40 carried forward, thus making the 
total expenditure $16,606.04. For the current fiscal year the esti- 
mate of receipts is larger, due to the funds received from sales of 
property at substations. 

PUBLICATIONS. 


Since the 1st of December, 1900, we have issued eight bulle- 
tins, one of which was in two editions. ‘Two bulletins are now in 
press. We also issued six press bulletins and twenty-six special 
river bulletins, and two extracts from the regular report. The 
editions of the regular bulletins have had to be increased from 
6,000 to 8,500. ‘This means a considerable additional expense. The 
total number of copies of the report issued during the year was 
1,500; and of the bulletins 51,000; of the press bulletins 22,000; 
of the river bulletins 10,000, making a total of over 85,000 copies, 
which have been distributed during the year. The number of 
pages thus distributed is over 1,500,000. In the number of pages 
and in the number of publications issued during the year we 
shall equal almost any station in the United States. 1oo vol- 
umes of the publications of last year were bound with cloth covers 
for the use of offices and libraries and places where it was de- 
sirabie to have bound copies. ‘This has been a very desirable and 
acceptable edition. 

_ Progress has been made during the year in binding the bulle- 
tins received from other Stations. ‘This step has been necessary 
in order to preserve records which are very important in Station 
work. A great deal of time has been taken in attempting to com- 
plete our files of bulletins. We still lack some bulletins from a 


number of states, but the sets are gradually being completed, and 
as fast as this is being done, they are bound. 
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During the year the substations and the problems arising from 
them have taken an undue amount of time. ‘Their affairs are now, 
however, more simplified than before, and it is hoped that in the 
future they will be in better condition. It is evident that in order 
that the substations may be an integral part of the main Station, 
so that the work done there may be of service in the larger plans 
of the Station, that the substations need be in closer touch with 
the main Station, and that there should be closer supervision. I 
will give a more complete statement of the affairs of the sub- 
stations before closing this report. 


THE PROBLEMS OF THE STATE. 


This State is so large and with such a variety of conditions 
that the number of problems pressing for solution is greater than 
we can take up. When we recall that Colorado is as large as the 
states of New York, Maine, Vermont, New Hampshire, Massa- 
chusetts and Rhode Island together, and that in this area equal 
to Colorado, the six stations supported from the Hatch fund have 
not only been kept busy with the problems of this equal area, but 
the demand for their work has required several State Stations in 
addition, and that these States have appropriated over $100,000 
in addition to the $90,000 from the government, it becomes evi- 
dent that we cannot take up all the questions which arise in the 
area when we have an income of not over one-thirteenth as much. 

There are so many problems peculiar to this State in the 
solution of which we can obtain little help from the investigations 
o: other States, that our policy should be to refrain from lines 
where their investigations may apply to our conditions. There is 
even then far more work than we can take up. The temptation has 
been to take up problems and not carry them through to completion. - 

The development of the sugar beet industry is a gratifying 
result of the work of this Station, and of the other Stations in the 
United States as well as the Department of Agriculture. It is an 
industry of great promise, the rise of which is purely one of scien- 
tific investigation. 

The work of the Station has proceeded pleasantly, and while 
we can realize defects, yet we can see a material improvement. 
In considering the conditions which may increase the efficiency 
of the Station work, we are first impressed with the multiplicity 
of duties devolving upon the Station workers. For the best re- 
sults in scientific work, not only a peculiar aptitude is required, 
but the work can not be well performed if the worker’s time is 
constantly interrupted, or if work is approached when one is men- 
tally fagged. ‘The higher class of scientific investigation requires 
a fresh mind, a condition to be attained for only a few hours per 
May.. The work of teaching is pleasant and profitable to most 
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workers, and the greatest objection from the standpoint of the 
Station worker is that it breaks up the day. Even though the 
number of hours taken is not great, the day may be largely spoiled 
for investigation. From this standpoint, it would be better for 
the interests of the Station if the time of teaching on the part of 
the Station staff could be so arranged that some days of the week 
could be entirely free from such work, and given completely to 
investigation. ‘This is one of the conditions which would prob- 
ably increase the efficiency of our Station work. As it is, the work 
performed is apt to be far in advance of the published reports of 
the investigations. The preparation of bulletins and reports re- 
quire in most cases considerable expenditure of consecutive time. 

In the increase of usefulness of the Station, the development of 
our publications is also one of importance, and also the distribution 
of the bulletins. It is not only probable, but is known to be true, 
that a large portion of our bulletins reach people who do not make 
use of them. ‘This is a condition which we hope to improve by 
making a classification of the names on the mailing list. At the 
same time, a classified mailing list is not a safe guide, because it 
so frequently happens that the very person who is the most in- 
terested in the bulletin is one whose line of interest is not indicated 
by his occupation. At present it would seem that without largely 
increasing the cost of distribution we must needs expect that a 
large part of the bulletins will not be used. We cannot expect 
to have results much greater than skilled advertisers who expect 
that only one person out of a great many will read their advertise 
ments. 

Another means of rendering our bulletins available to the 
public is through the medium of the Farmers’ Institutes. These 
-are good and form a supplement to the bulletin and printed re- 
ports; and are of value to the worker also, as they bring him in 
contact with the problems of the farmer in different portions of 
the country. 


SUBSTATIONS. 


During the past fiscal year only one substation has been in 
operation, that at Rockyford. In consequence of the refusal of the 
Department of Agriculture to countenance further expenditures, 
none has been made on the Stations at Cheyenne Wells, though in- 
vestigations have been continued on the problems of the Plains. 


THE DIVIDE SUBSTATION. 


Since the last annual meeting of the Board, the affairs of 
the Divide Substation have been closed by the authorization of 
the Board. Our interests have been sold to Mr. W. A. Diebold for 
the sum of $650, of which $250 has already been paid. ‘The re- 
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maining $400 bears interest at 6 per cent. per annum, and is to 
be paid within two years. The deed has been made out and is 
held in escrow by the First National Bank, of Colorado Springs. 


THE SAN LUIS VALLEY SUBSTATION. 


During the past year the affairs of this substation have been 
put on a better basis. The State Land Board had called for the 
return of the land to the State. It has been deeded back to the 
State Land Board by the authorization of the State Board of Agri- 
culture. Prior to that time, our interests in the land had been 
sold to Mr. Oscar S. Wyland for $1,900, to be paid in four pay- 
ments; the first for $400, in 1901; the second for $500 in 1902; 
the third for $500 in 1903; the fourth for $500 in 1904. 

Mr. Wyland already had possession of the place and had crops 
in the ground in consequence of a previous understanding and we 
felt under obligations to treat with him. The bargain, howevver, 
was very advantageous to us. The first note is secured by a chat- 
tel mortgage on the crops and hogs. ‘The other notes are secured 
by lease from the State Land Board, which is assigned to us. 

The personal property remaining at the Station was of little 
value. This was left with Mr. Wyland, and is a part of the im- 
provements which he purchased. 

In addition to this, there was some personal property in the 
possession of P. A. Amiss, consisting of one team of horses, one 
wagon, and other property of which we could obtain no clear de- 
scription and which might be difficult to identify. This property 
was sold to Mr. Amiss for $100 in cash. The money has been 
received and the transaction closed. 


THE PLAINS SUBSTATION. 


The Department of Agriculture having notified us that no 
further expenditure from the Hatch fund could be made at this 
Station, the plan of work has been along such lines as to cause 
no necessity for expenditure in connection with the Station it- 
self. Mr. Payne has remained in charge, but with the title of 
field agent, instead of superintendent of the Station. The duty 
of the field agent is to investigate conditions in Eastern Colorado, 
and study the Plains with a view of finding out what has been, and 
is being done in agriculture, that may give promise of success. 
During the summer his trips have extended from the Arkansas 
river on the south, and nearly to the Platte on the north, and has 
covered a large portion of the country between these two points. 
He has lived in the house at the Station and made it his head- 
quarters. The land at the Station was leased to J. W. Adams, 
who formerly worked at the Station, and as a condition of the 
lease, he was to take care of the fruit trees which were planted 
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near the house. ‘The lease has been quite satisfactory and the place 
well cared for. ‘The crop of sorghum which was grown produced 
a number of tons of forage. 

As there is nothing to be done at the substation during the 
winter months, Mr. Payne has moved to Fort Collins, and the house 
has been rented for $4 per month, during the winter to a school 
teacher in Cheyenne Wells. The understanding is, however, that 
the Plains. investigations shall be continued as during the past 
season. 

As the situation now is at Cheyenne Wells, the buildings and 
improvements belong to the Experiment Station, but the title of 
the land is conditional. ‘These buildings were partly put up by 
money from the Internal Improvement fund and from local sources. 
The buildings are good but the demand for them at that place is 
small. Cheyenne Wells derives its principal importance as the 
end of a division for freight trains, and as an eating point on. 
the railroad. It is likely that dining cars will soon be substituted, 
in fact an order was promulgated that dining cars should be run 
from October 10. ‘This action, however, has been delayed. It is 
only a question of time until the importance of the place becomes 
less, and the value of our improvements will be correspondingly 
decreased. 

There is no doubt under our title regarding our rights to the 
improvements, if it becomes necessary to withdraw. As it now 
is, we cannot spend any of the Hatch fund, and there has been 
no provision to expend any of the other funds of the Board for 
that purpose. We shall get very little for the improvements when 
it becomes necessary to sell. The sum received will be far less than’ 
the amount which has been spent for them. 


THE ARKANSAS VALLEY SUBSTATION. 


In the case of the Arkansas Valley Substation, a large part of 
the land was leased to tenants for cash or for a portion of the 
crop. About twenty-five acres are retained under the supervision 
of the Station, an amount which could be attended to by the Super- 
intendent and one man. 

The total amount expended for the fiscal year ending June 30, 
IQOI, was $1,726.43; the net receipts for the same time were 
$1,148.46, making a net cost of $577.97. 

By action of the Board of Agriculture at the meeting in July 
and in accordance with a letter from Dr. A. C. True, it was de- 
cided to return to the State Land Board 160 of the 200 acres 
which had been put at our disposal for experimental purposes. 
With that authorization, the deed was transferred to the State 
Land Board. At the same time the Station also had twenty-four 
shares of stock in the Rockyford ditch; one of these shares had 


AGRICULTURAL EXPERIMENT STATION. II 


been issued by mistake and the Board authorized its return to the 
Secretary of the Company. It had not been absolutely settled at 
that. time whether the stock was to be returned to the donors in 
case of the abandonment of the Station or not. The records of 
the Board and especially those conditions upon which the Station 
was located at Rockyford would seem to indicate that it was an 
absolute gift. 

The Board authorized the sale of the thirteen shares upon 
the condition that the purchaser should return the stock at any 
time of tender of the amount which he had paid. Since that time, 
the original donors of the stock have made claim that the stock 
by right belongs to them; that they gave it with the understanding 
that it was to be returned to them in case the Station was abandoned. 
The stock was given by individuals who gave from one to two 
or three or four shares each, and from the evidence now available, 
it appears the committee soliciting this stock made such representa- 
tion to the donors. On the other hand, nothing has been found 
which would show that this was not one condition required by 
the Board; in fact, the records of the time would seem to indicate 
that the stock was to be in fee simple on the location of the Station. 
These donors will present their claims and perhaps be represented 
by a committee at this meeting of the Board. ‘They will present 
such evidence as they may have which throws light on their ar- 
rangements with the Board at that time. 

The improvements on the portion of the place which was 
relinquished were sold to G. W. Swink for $1,500. Mr. Swink had 
the original lease on this tract of land and relinquished it for the 
use of the Experiment Station in the year 1888. He made pay- 
ment of one-fourth in cash and the remainder in approved notes 
bearing six per cent. interest. He has arranged that additional se- 
curity should be given by the retention of the water stock for 
which he had bargained, until the whole transaction was completed. 
If it should be deemed best to return the stock to the original 
donors, the question will arise as to whether additional security 
should be given. ‘ 

In a letter dated June 1, Dr. A. C. True, Director of the 
Office of Experiment Stations, having general supervision of the 
Hatch fund, wrote definitely that he must insist more strongly that 
the use of the Hatch fund for substations should be discontinued. 
This seemed to be a prohibition of the use of the Hatch fund for 
these purposes. This being the case, the question of the policy 
to be adopted toward the Substation at Rockyford arises. The 
Hatch fund, which has been the fund that has maintained this 
Substation, and during the time since its establishment, something 
like a total expenditure of $33,190.50 has been made. There have 
been receipts of $11,393.09, making a cost of $21,799.41. The net 
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cost of the Experiment Station has never been so small as during 
the past two years, when it amounted to less than $1,000 each 
year. In the years previous to that time when the ground was 
under the charge of the Superintendent, the cost one year was as 
low as $1,100 ($1,070.80), and as high as $2,900 ($2,890.66. ) 

There would seem to be three courses open to us: 

1. ‘To discontinue the work entirely. 

2. ‘To continue as a garden tract in an experimental 
way, as it was during the past year. This would re- 
quire the maintenance of a man, a team and tools; a 
total expense including the salary of the Superintendent 
of not far from $1,800. 

3. The use of the place only as a headquarters, re- 
taining the improvements, house and grounds adjacent 
to it for the use of the Field Agent, permitting him to live 
there, and leasing the balance of the forty acres in such 
a way that we would not be responsible for any of the 
expense. 

Under the ruling of the Department, it is still a question as 
to what extent it would sanction payment, except temporarily, of 
the Superintendent of the Station. In an official ruling some years 
since, the Department clearly stated its conception of the use of 
the Hatch fund. The Department recognizes the desirability of 
investigation in different portions of the State. It recognizes this 
as a proper charge upon the Hatch fund, where the work is of an 
experimental nature. Under this arrangement, it would seem possi- 
ble for us to take up most of the investigations, or at least, part 
of them. 

The work of the various sections is shown in the reports here 
appended. Respectfully submitted, 

L. G. CARPENTER, 
Director. 
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REPORT OF THE ENTOMOLOGIST. 


I have the honor to submit herewith the annual report of the 
entomological section of the Agricultural Experiment Station for 
the year 1901. 


WORK WITH THE CODLING MOTH. 


This insect occasions such heavy losses to fruit growers of 
Colorado each year that a considerable time has been devoted to 
a study of its habits and remedies. Much of the information 
gained had already been *published in one place or another but 
comparatively little has appeared in bulletins or reports of the 
Experiment Station. I have therefore thought it desirable to sum- 
marize the more important observations and conclusions in this 
report. They are as follows: 


Life History. 


Eggs of the spring brood begin to be deposited upon fruit and 
leaves when summer apples, like the Duchess, are about three- 
fourths of an inch in diameter. The last eggs of the brood are 
not deposited until late in July. The late moths of this brood 
have continued to appear in our breeding cages in cellars, to July 24. 

The eggs, according to our observations, have been almost en- 
tirely upon the smooth surface of the apples, a small proportion, 
perhaps 10 per cent. have been found upon the leaves. Very few 
(3 or 4 per cent.) of the eggs under observation have failed to 
hatch, but there has been apparently a large mortality among the 
young worms. The time for eggs to hatch in the laboratory has 
varied between 6 and 8 days, with an average time of about 7 days. 

The earliest we have found eggs on the apples at Fort Collins 
was June 9. Last year the first eggs were found June 19; the 
eggs of the first brood became most abundant about July 3, and 
summer eggs were most scarce about July 21. On July 27 an in- 
crease due to the eggs of the second brood was noticeable. Second- 
brood eggs were most abundant about August 12. ? 

Larvae of the first brood began leaving the apples about Fort 
Collins in the spring of 1901, July 1; they were coming down 
most rapidly about July 21. By August 15 the larvae were coming 
in very small numbers and some of them were of the second brood 


*Reports of Colorado State Board of Hort. for 1897, 1898, 1900, 1901 
5. 


and Bull. 31, N. S., U. S. Dept. of Agr., Div. of Ent., p. 6 
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as was shown in the fact that they began at about this date to live 
over till spring before pupating. The larvae of the second brood 
were most numerous under bands about September 10. 

The time required for larvae of the first brood to develop 
varied between 12 and 24 days with an average time of 19 days. 

The time spent spinning and pupating varied between 1 and 
19 days with an average of 5.6 days. The greatest number pupated 
on the 4th day. 

The time spent in the chrysalis by the summer brood varied be- 
tween 10 to 21 days and the average time was 14 days. 

For the entire cocoon stage the time varied between 12 and 
29 days with an average of 20 days. 

The time required to pass through these transformations at 
Fort Collins is no greater, according to our records, than at Rocky- 
ford, Canon City and Grand Junction where the summer tem- 
perature ranges considerably higher. The time spent in the com- 
plete summer life cycle has varied greatly but the average time 
has been almost exactly seven weeks. 

Practically all the larvae taken at Grand Junction after August 
ro, and at Rockyford and Canon City after August 15, and at 
Fort Collins after August 20 live over till next spring before pu- 
pating. Occasional belated individuals are exceptions to the rule. 

Moths from warm winter quarters may appear very early. 
Up to the time the orchards are in full bloom, we have found only 
about 10 per cent. of the moths hatched. At about this time they 
begin to appear rapidly. 

The latest we have been able to rear moths of the second 
brood at Fort Collins has been September 16. ‘The latest reported 
from other parts of the State by those who have assisted in the 
work have been as follows: Grand Junction, Sept. 12 (Silmon 
Smith) ; Canon City, Sept. 10 (R. J. Peare); Rockyford, Sept. 
15 (H. H. Griffin) ; Palisade, Sept. 22:(C. Hy Better) 


Miscellaneous Notes on Habits. 


While the second brood are generally thought to enter largely 
at the side of the apples because of the many worm holes seen 
there, our counts have so far indicated that 80 per cent. enter 
at the blossom end. Very many, however, enter by a very small 
hole, leaving no outside evidence, and then burrow to the surface 
on the side of the apple and keep the latter burrow open but not 
the entrance at the blossom. 

Spring migration of the larvae is usually very light, but in 
a few instances they have come to bands in considerable numbers 
in certain orchards about Grand Junction during March and April. 

Bands removed from a tree at 6 o’clock each evening and 
7:30 each morning gave 414 larvae, 353 or 85 per cent. of ‘which 
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came to the band during the night period and 61 or 15 per cent. 
came during the day. 

By the use of bands we have taken from 17 per cent. to over 
60 per cent. of the larvae on a tree as indicated by the number of 
wormy apples. The largest number of larvae from one band dur- 
ing the season is 1481. The tree was in a lawn and isolated. 

Gathering apples daily from the ground gave us i6 per cent. 
of the worms from Duchess apples and 3.5 per cent. of the worms 
from Ben Davis trees as indicated by the number of wormy apples. 

The saving of wormy fruit as the result of spraying twice 
with Paris green has varied in our experiment between 25 per 
cent. and over go per cent. The 25 per cent. saving was upon 
Duchess trees when the calyces of the apples had nearly all closed 
before the first application. The ninety odd per cent. was upon 
winter varieties. 

LONG-TONGUED HONEY-BEES. 


Bees from different parts of the United States were examined 
for the purpose of determining the range in length of the tongue 
of the honey bee. A progress *report on the work was made at 
the Annual Meeting of the Colorado State Bee-keepers’ Associa- 
tion in Denver, November, 1901, and the work is not yet fully 
completed. 

I have found that thrusting a bee into boiling water kills it 
in the best way to leave the tongue extensible for study. 

I have been unable, so far, to find any evidence of a long- 
tongued strain of Italian bees, though several advertisers of “long- 
tongued” or “red clover” bees sent bees for examination. Tongues 
of the German or black bee have ranged between 23.5 and 25 
hundredths of an inch; tongues of Carneolans between 25.5 and 
26 hundredths of an inch; tongues of Italians between 24.5 and 
26 hundredths of an inch, and tongues of Cyprians between 25 and 
27 hundredths of an inch. Tongues of Apis dorsata preserved in 
alcohol measured between 25 and 26 hundredths of an inch. 
Tongues of bumblebees measured in comparison varied between 
43 and 58 hundredths of an inch in length. 

In all cases the distance from the base of the sub-mentum 
to the tip of the ligula has been taken as the tongue-length. 


SUGAR BEET INSECTS. 


Considerable attention has been given the past year to ob- 
servations upon sugar beet insects on account of the importance 
which the sugar beet crop is assuming in Colorado. 


*The paper is printed in full in Am. Bee Journal, Dec. 12, 1901, and 
in Bee-Keeper’s Review, Jan., 1902. 
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The beet army-worm (Laphygma flavimaculata ) was not se- 
riously abundant but attracted some attention in the lower Arkan- 
sas Valley over limited areas. Where the arsenites were used 
promptly they were successful in killing the worms. Mr) fiecH: 
Griffin, Field Agent of the Experiment Station, reports that he 
found best success from the use of strong mixtures. He recom- 
mends using Paris green in the proportion of a pound to 50 gal- 
lons of water. 

Nysius minutus, one of the false chinch bugs, was unusually 
abundant in the State last summer attacking a variety of plants 
upon both the east and west slopes of the mountains. One of its 
favorite plants is the beet. In places, many young plants were 
killed by them and Mr. Griffin and others at Rockyford state that 
they attacked mother beets that were being grown for seed so 
badly in places as to seriously injure the crop. Prominent among 
the cultivated plants attacked by this bug about Fort Collins last 
summer were beets, radishes, cauliflower and strawberries. ‘The 
weeds most attacked were wild mustard, a tumble-weed (Monolepis 
nuttallit), yellow dock, lamb’s quarter and Helianthus (sunflower). 
Many others were attacked to some extent. 

Kerosene emulsion, whale-oil soap and Buhack were used in 
varying strengths for its destruction but almost without effect. 

The accompanying cut shows the bugs about life-size on the 
leaves of yellow dock. (Fig. 1, Plate I). 

The beet-louse (Pemphigus betze Doane), was received upon 
the roots of beets from the vicinity of Rockyford and were sent 
by Mr. H. H. Griffin. The lice were found when. the beets were 
harvested. ‘The lice were sent as mealy-bugs because of the pow- 
dery covering to the body. Beets having the lice upon them were 
said to be spongy and of poor quality. Mr. Griffin thinks they 
occurred in several fields near Rockyford last year. It seems 
probable that this louse must occur upon the roots of some native 
plant in that vicinity and that it is transferring its attention to 
the beets. 

MISCELLANEOUS NOTES. 


Howard’s Scale (Aspidiotus howardi). ‘This is a near relative 
of the San Jose scale and was discovered by the writer some years 
ago on plum and pear trees in Canon City, Colo. ‘The scale seems 
to have been the cause of the death of a few plum and prune trees 
near Canon City in one small orchard where it was first found and 
it still occurs in small numbers in that locality. I have not known 
of its occurring outside of Canon City until the past summer when 
the inspector of Delta county, Mr. H. E. Mathews, sent me speci- 
mens of the insect and later took me to an orchard where pears 
and plums, particularly the former, were badly attacked by it, 


PATH 2. 
(Nysius minutus) on leaves of yellow dock, 


fig. 1. False chinch-bug 
nearly life-size. From photo by author. 


Fig. 2. A young Bartlett pear, life-size, showing both young and adult 
scales of Aspidiotus howardi. The young scales are white. From photo by 
author. 

Fig. 3. Two apple twigs showing eggs of apple louse, Aphis mali, and 


between these twigs two needles of Pinus ponderosa showing eggs of a 


species of Lachnus. Photo by author. 
Fig. 4. A bunch of pine needles, natural size, showing the white waxy 


secretions of the lice. From photo by author. 

Fig. 5. A pine needle much enlarged showing the masses of white 
waxy secretion covering the lice and their eggs. At (a) the eggs may be 
seen protruding from under the secretion. From photo by author. 
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*Big. 6. ‘The thistle butterfly, 
nearly life-size. 
EuIS as 


Pyrames cardui, at plum _ blossoms; 
From photo by author. 
A, peach leaf, life-size, showing cocoons of Plutella crucifera- 
rum; B, one of the cocoons much enlarged showing its frail gauzy struc- 
ture. From photos by the author, A 

Fig. 8. Plums, life-size, showing the punctures and gummy exhuda- 
tions caused by the plum gouger, Coccotorus prunicida. The black specks 
on the plums represent the punctures which are made either for the pur- 
pose of taking food or egg-laying. Photo by author. 


*A halftone from the same photograph was given in Agricola Aridus, Vol. 1, No. 3, p. 7. 
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Fig. 9. <A cottonwood tree showing galls of Phytoptus mite on twigs. 
From photo by author. 
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Fig. 10. Life-size galls of Phytoptus mite from twigs of cottonwood 
tree. Some galls may be seen developing from buds, others from the 
smooth bark of the twigs. From photo by author. 
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The orchard was examined June 12, at which time the young lice 
were just beginning to hatch. Pears containing lice were brought 
to the Station and the young continued to appear till August 20. 
The newly hatched lice are of the usual yellow color. They lo- 
cate mostly about the blossom end of the fruit and the first scales 
are pure white. The older scales become darker and are usually 
sunken into the fruit. Sometimes there is a reddish discoloration 
about the scale. On raising a female scale it was often possible 
to find two or three lice and no eggs, but occasionally an egg or 
two or perhaps as many as three or four were also present. More 
often there were no eggs at all. So the lice hatch almost imme- 
diately upon the laying of the egg or, perhaps they as often hatch 
before the egg is laid. 

The accompanying cut (Fig. 2) shows the scales, life-size, 
upon a pear. 

The Apple Louse (Aphis mali), continues to be a common 
and often very abundant pest upon the foliage of apple and pear 
trees after the middle of July or the first of August. During win- 
ter and early spring the black shining eggs aie often seen in great 
numbers upon apple twigs. They are shown life-size, in Fig. 3. 
We have been unable to hatch these eggs when brought into the 
laboratory. Whether or not they hatch late in the spring upon the 
trees we have not certainly determined. 

Woolly lice on spruce and pine. Two species (possibly one) 
of Chermes attack the leaves of spruce and pine in northern Colo- 
rado. ‘The lice are very dark green in color having the appear- 
ance of black specks to the unaided eye. They arrange themselves 
along the leaves or needles and the females secrete large quantities 
of white waxy material to cover their bodies and also the clusters 
of amber colored eggs which they deposit in compact mass _ be- 
hind them. Each egg is attached by a thread. (See Figs. 4 and 5). 

I have found kerosene emulsion or whale-oil soap of the ordi- 
nary strengths very effectual in killing these lice and their eggs. 

The Thistle Butterfly (Pyrames cardui) was unusually abund- 
ant in many parts of Colorado last summer and attracted con- 
siderable attention from fruit growers, who were afraid it might 
be some insect injurious to fruit. The butterflies were abundant 
at blossoms of plum, cherry, apple and other fruit trees on both 
the eastern and western slopes. ‘This insect is probably more bene- 
ficial than injurious as the larvae feed chiefly upon the leaves of 
thistles and other composite weeds and the butterflies assist in the 
fertilization of fruit blossoms. 

The accompanying cut (Fig. 6, Plate IT) shows a butterfly at 
plum blossoms. 

The Cabbage Plutella (Plutella cruciferarum). What seems 
to be a very unusual habit of this insect occurred in Colorado last 
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summer. Mr. H. E. Mathews, horticultural inspector for Delta 
county, sent me a quantity of peach leaves partly eaten and hav- 
ing attached to them large numbers of little white cocoons. Mr. 
Mathews stated that a portion of a young peach orchard had been | 
very badly defoliated by this insect. In a few days the moths of 
the above named insect appeared from the cocoons and I was 
greatly surprised to find this eater of cruciferous plants attacking 
the peach. On visiting Mr. Mathews later I learned the particu- 
lars of the case which are as follows: The year previous a large 
amount of wild mustard had been allowed to grow in the orchard 
as a weed. Last summer clean cultivation was practiced and the 
moths of this insect, not finding the mustard upon which to deposit 
their eggs, turned to the only available plants, the peach trees. 
The accompanying cut shows the cocoons life-size, on a peach leaf 
and also a cocoon enlarged so as to show its gauzy structure. 
(Higa7, Pilate 1h): 

The Plum Gouger (Coccotorus prunicida) is abundant every 
year on the eastern slope where it is a very serious pest injuring 
- the fruit of the red or Americana plums. The punctured plums 
are deformed, and gummy exhudations appear on the wounds made 
by the beetle for the ptirpose of egg-laying or taking food. The 
wounds made by the beetle and the exhudations are shown in Fig. 8. 

If all growers of plums in a considerable area would agree 
on a year when they would all remove every stung plum from their 
trees between the middle and the last of July, they could in this 
manner almost exterminate the pest for a number of years. 

I have found no signs of this insect on the west slope and it 
does no appreciable harm to European varieties of the plum. 

Phytoptus Gall on Cottonwoods. Since coming to Colorado, 
some ten years ago, | have noticed the gradual increase in num- 
bers of a small gall upon the twigs of the cottonwood. While 
the gall occurs generally over the State, it seems most abundant 
in the northern portion. Many cottonwoods in Fort Collins have 
these galls upon nearly every twig. They may form upon buds 
or upon the smooth bark as shown in the accompanying illustra- 
tion. It is not uncommon to find trees as badly infested as the 
one shown in Fig. 9. Fig. 10 shows the galls life-size. 

_ it will be difficult to apply remedies as the mites live over 
winter in recesses in the galls. The mites are reddish in color 
during winter and if galls are cut into at this season the mites 
may be found in great numbers in clusters. The galls do not 
have the effect to kill the trees as yet, and few limbs seem to have 


died from their attacks but they cause an unsightly appearance 
of the trees when the foliage is off, 


C. PY Ginperrs. 
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REPORT OF THE CHEMICAL SECTION. 


To The Director of the Experiment Station: 

I herewith transmit my annual report regarding the work car- 
ried on by this Section of the Experiment Station. 

No new work has been undertaken. The work set forth in the 
outline discussed at the January meeting of the Station Council 
has been prosecuted to the exclusion of all other work, no deviation 
having been made from the original plan. 

There is at the present time a large mass of results which 
have not yet been published, but which are now in the course of 
preparation for publication. 

The digestion experiments mentioned in the outline as having 
been at that time, namely, in January, far advanced, have had to 
be repeated and will probably be completed early in the fall, as 
will also the work on beeswax, which will be carried on by Mr. 
F, C. Alford. 

There are no new needs of this Section which I shall present 
at the present time, as I believe you are fully conversant with the 
status of the section and its equipment. 

Respectfully submitted, 
Wo. P. HEADDEN. 
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REPORT OF THE AGRICULTURIST. 


The Experiment Station work in the Department of Agricul- 
ture has been somewhat varied during the year. Something has 
been done on each of the lines of work as planned at the begin- 
ning of the season of 1901. One bulletin, No. 66, on Tubercu- 
losis, jointly written with the Veterinarian, Dr. G. H. Glover, has 
been published, and considerable material is on hand for other 
Station bulletins. It being the first year of the writer’s work in 
this Station we have preferred to corroborate many of the notes 
before publishing them. Material is on hand for a bulletin on 
feeding Belgian hares, and some interesting results were obtained 
in feeding sheep and swine. 

A large amount of data is accumulating from investigations 
with wheat and oats, especially with that part of the work which 
is being carried on at Monte Vista and at the College to compare 
the raising of grain at high and low altitudes. Published with the 
report is an account of our first year’s work with macaroni 
wheats. We believe this variety of wheat will be quite valuable, 
especially in those portions of the State where irrigation water is 
either very scarce or wanting, and agriculture is carried on under 
scanty supply of rainfall. A number of varieties of macaroni wheat 
have been introduced from Russia by the U. $. Department of 
Agriculture which are being grown here in co-operation with the 
Department. Some of these varieties were collected on the high, 
dry steppes of Russia where they were raised without irrigation. 

One of the most important lines of investigation which we have 
attempted is the work with grasses in co-operation with the Divi- 
sion of Agrostology. We publish herewith a detailed report of 
what was done the first year with a large number of varieties both 
in the grass garden and in a field which could be pastured. ‘There 
is so much demand for information in regard to grasses which 
will either improve our ranges or be suitable for the making of 
pastures which can be irrigated, that we consider this line of work 
very important, and desire to give it much attention during the 
coming season. 

The crop plats established last year gave some interesting re- 
sults. Wheat which had been grown for a number of years at 
altitudes of 7,000 feet, shows a remarkable deterioration when 
planted here. The result was the same with a large number of 
varieties and it is interesting to know whether grain raised at high 
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altitudes is always apt to deteriorate sufficiently to produce very 
small crops when grown at low altitudes. On the other hand 
varieties of wheat obtained from Wm. Farrar, the great breeder 
of new wheats in Australia, did remarkably well, ripening a week 
or more earlier than the varieties which had been grown at home. 

Two new brewing barleys, seed of which was furnished us 
by the U. S. Department, produced large crops here last season, 
and Russian spelt, so-called, really a variety of emmer was’ grown 
in sufficient quantity to supply grain for some feeding experiments 
which are now being carried on. 

Although so much has been done by the Station with sugar 
beets during the past twelve years, we are now face to face with 
this new industry and should like to keep in touch with the com- 
mercial side of the question so far as our experimental work will 
be of value to farmers who are raising beets for the factories. The 
past season we raised sugar beets from which are to be selected 
mother beets for the production of seed. There is much demand 
also for information in regard to sugar beets for stock feed, so 
it is expected that beets will figure in the rations we adopt for 
experimental work in stock feeding, until we are fairly well ac- 
quainted with their effect when given in addition to other foods. 
A field experiment on the College farm was carried out with 
potatoes, the results of which are reported herewith in detail. 

The Director distributed a large number of samples of sugar 
beet seed to farmers last spring. ‘This seed was furnished by the 
U. S. Department for distribution. Very few of the farmers have 
reported the results obtained with the beets raised from this seed. 

In addition to our work at home with feeding and cropping 
we have been able to accumulate some information from outside 
sources which will be of considerable value. Col. J. A. Lockhart, 
of Rockyford, who is feeding about 3,700 head of cattle, and is 
using beet pulp and beet molasses in great quantities, has agreed 
to furnish us his data for publication. The records are being kept 
in such a way that this material will be of great value. We visited 
Rockyford on two occasions and have obtained some photographs 
of the feeding plant and of the cattle which are being fed for market. 

We have taken a series of photographs in many of the ex- 
periments carried out and consider them a very valuable part of 
our Station records as well as serving a most useful purpose for 
illustrating when we have data of sufficient value for publication. 

My Experiment Station Assistant, Mr. A. H. Danielson, is 
thoroughly efficient. He has made his records very accurate and 
valuable, and his work in photography is of such a character that 
it is almost indispensable. Mr. Danielson has furnished the de- 
tailed reports of experiments with wheats, grasses and potatoes 


published herewith. 
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While not an employe of the Station, Mr. C. J. Griffith, who 
is assisting with the live stock work, is also a careful investigator 
and through his efforts we are able to publish material of value 
with regard to feeding live stock, and have accumulated data which 
will be useful for Station publications in the future. 


FIELD EXPERIMENT WITH POTATOES. 


In recent years it has not been possible to raise remunerative 
crops of potatoes in the vicinity of- Fort Collins, and we carried 
on a field experiment to throw light on the difficulty if possible. 
While this experiment has been under way the Horticultural Sec- 
tion has also been working on the problem, and their discovery 
of the effects of a new disease on potatoes indicates, we believe 
definitely, the cause of our potato failures. It will probably not be 
advisable for us to continue the field experiments until such time 
as the Professor of Horticulture and his assistants have completed 
their work. ‘Their investigations indicate that our soils have be- 
come so full of the fungus that causes the trouble, that it will be 
necessary to discover some general treatment which will destroy 
the disease producing spores, or to grow varieties of potatoes 
which will resist their atiacks, or be immune. 

Our field trial of last season is of interest, however, as it 
indicates that different varieties are affected in different degree. 
One of the objects of the experiment was defeated by accidentally 
getting the potatoes for seed which we had obtained from different 
localities. mixed. We wished to compare seed raised at an alti- 
tude of about 9,000 feet in the mountains with seed of the same 
variety grown on the plains, but the two lots were not kept separate 
before planting so we are unable to report this comparison. 

We purchased red and white potatoes in the market. The reds 
were probably Early Rose, and the white ones Mammoth Pearl, - 
though the dealers could not give us the variety names. ‘These 
were divided into separate lots. A part were treated and a part 
planted without treating, and parts were planted with and without 
fertilizers. The treatments given were with corrosive sublimate 
and formalin for scab, and the fertilizers used were raw bone meal 
and nitrate of soda. None of the potatoes produced large yields, 
but the red variety gave much better yields under the different 
treatments than was obtained with the white variety. The largest 
yield was 49% sacks per acre of marketable tubers, or.a little less 
than 72% sacks of large and small tubers. 
steND He yields vary somewhat but it cannot be said that the ferti- 
lizers produced any increase. ‘The treatment of seed with corrosive 
sublimate seemed to give a slight increase in yield of marketable 
potatoes, though the difference is small. The results of the ex- 
periment are given in the following table. The potatoes were 
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planted late, June 17, and harvested October 14. Lot No. 13 in 
the table was selected as free from disease. Lot No. I4 was 
affected with a dry rot (Fusarium) and was not treated. Lot No. 
15 was affected seed with the injurious fungus (Rhizoctonia) but 
not treated. Lot No. 16 was affected seed treated with corrosive 
sublimate, and Lot No. 17 was affected seed treated with formalin. 
It will be noted that the selected clean seed not treated, gave 
the largest yield of marketable potatoes. The diseased seed pro- 
duced a poor stand of potatoes, or rather, many of the plants died 
from the disease after they came up, cutting down the yield. 
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SHRINKAGE OF POTATOES. 


Some of the red and white potatoes from the field experiment 
were stored in a root cellar, careful weights being recorded to de- 
termine the amount of shrinkage. There were two sacks of white 
potatoes and six sacks of a red variety placed on an old door 
which was used as a platform to keep them dry. ‘The white po- 
tatoes were a late variety and having been planted so late, June 
17, did not ripen. They were bruised and peeled badly from 
handling. They were weighed and placed in the cellar October 
18, and were subsequently weighed December 14, and March 8 
aproximately two, and four and one-half months after storing. 

The following table gives the results. The lot numbers given 
in the first column correspond to the same numbers given in the 
table reporting the field experiment and are a key to the kind 
of seed, treatment and fertilizers used. It will be noted that the 
greatest loss of weight occured during the first two months, the 
average loss being 5.5 per cent. for that period, while it is only 7 
per cent. for the whole time. 

As would be expected the loss of the white potatoes which 
were green when harvested, was greater than the average. There 
is some variation in the shrinkage from the individual lots of red 
potatoes, but we would probably not be justified in stating that 
this difference is due to previous treatment of the seed from which 
the potatoes were grown, or to the fertilizers used. 


SHRINKAGE OF POTATOES STORED IN SACKS. 


WEIGHT 
i Per cent. Shrinkage 
Lot No. Variety Oct. 18 Dec. 14 March 8 | Total Loss in 44%4 months 
lbs. lbs. lbs. lbs, 

13 Red 101 96 94.2 6.8 6.7 

15 a 100 95.5 94 6.0 6.0 

16 = 1€6 102 100.5 5.5 5.2 

17 ae 117 109 107. 10.0 8.5 

1 ¥ 119 111.2 109.7 9.3 Tot! 

6 Bu 87 83. 82 5.0 BEd 

il White 85.5 80.5 78.5 7.0 8.2 

12 oe 88.5 83 81.5 7.0 7.9 
Potal A 22-- 804 759 .2 747.4 56.6 7.0 

I 


MACARONI WHEATS. 


A Brief Report of the Varieties as Tested at the Experiment Sta- 
tion, Fort Collins, Colorado, 1901. 


Through the importation and distribution of macaroni wheats 
by the U. S. Department of Agriculture, considerable interest has 
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been awakened in this class of grain. Macaroni wheats are con- 
sidered drouth resistant varieties, and while there is objection in 
many parts of Colorado to any grain which produces beards, the 
macaroni varieties of wheat will undoubtedly take an important 
place in our agriculture, more especially so, perhaps, in the east- 
ern part of the State where crops are raised without irrigation. 

The varieties obtained from the U. S. Department were 
planted with a grain drill in plats 1-20 acre in size, using at the 
rate of 90 pounds of seed per acre. After harvest each plat was 
carefully measured and the yield per acre calculated. The stub- 
ble left on the field had an average height of 0.2 metres or 8 inches. 
The land used had been in grain the year before. The plats re- 
ceived one thorough irrigation June 26-27, and the precipitation 
for the growing season amounted to 10.53 inches, there being 7.47 
inches in May, 2.35 inches in June and 0.71 inches in July. The 
weight per bushel of the grain harvested in nearly every case ex- 
ceeded that of the seed planted. The table herewith gives the variety, 
the yield of straw and grain per acre, weight per bushel of that 
grown on the Station ground and of the seed received, and sea- 
sonal notes. 

A report of these grains was made to M. A. Carlton, Cerealist 
of the U. S. Department of Agriculture. He writes as follows: 
“It is of particular interest to note how the weight of the grain 
which you have grown varies from the weight of the original seed, 
being in nearly every case greater than that of the original seed 
planted. The results as to yield per acre are considerably different 
in this case from what they have been in other states where trials 
have been made. In other cases the Kubanka has usually turned 
out the best, while in this case it stands only about fifth in the 
order of yield. The Gharnovka, however, which stands at the 
head in yield in this case is considered also a very good variety 
in south Russia.” 


The following additional notes not given in the table were 
taken of each variety: 

No. 4277, Nicaragua. (“Triticum durum. ‘This seed was 
obtained in Texas where the variety has been grown for a num- 
ber of years. From its name it probably came originally from 
Nicaragua”). Was at about the right stage of maturity when har- 
vested. Straw rather short. Grain of fair quality with somewhat 
smaller kernels than the others; small yield. 

No. 5639, Kubanka (“Triticum durum, from Uralsk Terri- 
tory, Russia. One of the best varieties of macaroni wheats in 
Russia”). This variety germinated and was above ground ahead 
of all others. A long strawed variety. The grain harvested was 
es less weight per bushel than the seed planted, lighter colored, 
onger ker nee harder and of greater vitreous luster. By grading 
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the grain threshed into two equal parts the heavier weighed 64 
pounds per bushel. 

No. 5642, Yellow Gharnovka. (‘“T'riticum durum, from Am- 
brocievka, twenty miles northeast of Taganrog in Don Territory, 
Russia”). On July 9 considerable smut was noticed in this variety. 
The awns or beards were long and abundant. Grain darker colored, 
more plump, or not quite so shrunken, and of much greater vitreous 
luster than the original seed planted. 

No. 5643, Gharnovka. (‘Triticum durum, from the same 
place as the preceding number’). When harvested the awns stood 
at right angles to the heads making the grain somewhat disagree- 
able to handle. The grain is of the same color and luster as the 
original planted, but the kernels were decidedly smaller, with an 
increase in weight per bushel. 

No. 5644, Velvet Don. (“Triticum durum, Chernouska of 
some reports, from the same locality as the above’). Heads with 
velvet chaff. Grain was lighter colored, of greater vitreous luster 
and longer kernels than the original planted. 

No. 5645, Black Don. (“Triticum durum, Chernokoloska of 
some reports, from the same locality as the above”). Awns or 
beards were partly black. Grain much lighter colored, more plump 
and of greater luster than the original planted. After the threshed 
grain had been graded into two equal parts the heavier grain 
weighed 65 pounds per bushel. 

No. 5646, Gharnovka, from Taganrog. (“Triticum durum, 
from Taganrog, Don Territory, Russia”). On July 9 a few heads 
of smut were noticed. The threshed grain of this variety is prac- 
tically of the same appearance in every respect as the original 
planted, unless it be lighter in color. 


FourRTEENTH ANNUAL REPORT. 


1d Da aD 


qsnsny 


*qSOAIB A 
jooeq 


z ¢ 12 Le" £9 79 a oe Weta Mo Ser eae eee ee ae ee VxAOUILYH 9496 
g ¢ 12 OFT eg 79 oge¢ Gls a a uo Aoulg ¢F9s 
g 9 12 LPT e9 G99 9149 TT a eae ie chee Seppe Bee 5 UOT ATPA_ FF9S 
¢ 8 1 Le'T 29 89 ose GIG Oe ae ee ae Byaoureyy eF9¢ 
g 8 9% wT 09 €9 086t GF ON pial ose ear re nae Seer BYAOUIVYH MOTOK ZF9S 
z r 9% Lg'T 19 z9 ee19 Ste Agr far gee ee eyueyny 6Ee9¢ 
or L LZ LOT = Gog O8ss CO) ae eee ae a es ea a 4 aa Se BNSCIVOIN LLP 
sy et! tudy =| “S@°N | poquerg eas spunog 
aepeort| PID | snmera | cE, hokenstoal Mea | SENT | soy soa onto pas oq 
jooed | oyeq’ | Joeved |"oseroay | 2T3FOM eee | ORES 


‘S@THIA HALL VUVAWOO JO HTaVL 


AGRICULTURAL EXPERIMENT STATION. 29 


EXPERIMENTAL GRAIN PLATS. 


Seven varieties of barley were grown in small plats of ap- 
proximately one-tenth acre each, and one of these, the Hanna, 
was grown in a larger field trial of one-half acre. The results on 
the small plats are reported in the accompanying table. 

The Bohemian and Hanna barleys were grown from seed 
furnished by the U. S. Department of Agriculture. The Bohemian 
came from Schurazenburg, Bavaria, and the Hanna from Kwassitz, 
Moravia, Hungaria. We could detect no varietal difference be- 
tween these varieties. Both have the same season, and yielding 
power, and both show a tendency to drop the awns or beards at 
maturity which makes them less disagreeable to handle. 

The Hanna is a famous European brewing barley. In a 
larger field trial of one-half acre it was drilled about three inches 
deep on April 22, using at the rate of 80 pounds seeds per acre. 
It received one irrigation on June 24, and was harvested July 25. 
The yield per acre was 1892 pounds, or at standard weight of 
48 pounds per bushel, 39.4 bushels per acre. Our first season’s 
trial indicates that this variety is well adapted to Colorado condi- 
tions. 

The other varieties given in the table were from seed which 
had been previously grown at the College. 

The oat crops are of some interest. Three new varieties are 
reported in the table. ‘The varieties from Finland were a little 
earlier than the others, and one of them produced a large yield. 
There is a strong prejudice against black oats on the part of our 
farmers because the wild oats have become such a troublesome 
weed, and the seed mixed with other grain makes it less valuable. 
However, the black cultivated oat need not be mistaken for the 
wild variety, and while it might not pay to raise black oats 
for our markets, there is no good reason why a farmer should 
not raise them for his own use if he can obtain a superior yielding 
sort. ‘The black oats raised from Colorado seed produced a much 
larger yield than any of the others which were raised under the 
same conditions, giving 71 bushels per acre, while the yield of the 
North Finnish variety was 60.5 bushels, and of our best white 
variety, the Silesian, was 52.4 bushels per acre. However, the 
Silesian oats planted on a larger area of alfalfa land, gave a fine 
crop. There was about eight acres in a field which yielded 497.5 
bushels, or an average of 62.2 bushels per acre machine measure, 
and the oats weighed 37 pounds per bushel. On a selected and 
measured acre in this field the yield was 82 bushels by measure and 
87 bushels by weight. 

The Russian speltz reported in the table was grown from 
seed furnished by the U. S. Department. We also purchased 300 
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pounds of seed which was raised by William Lindenmeier near 
Fort Collins, and planted three acres of land with it. This field 
was irrigated June 24, and harvested July 27, yielding 181 bushels, 
machine measure. ‘The crop weighed 5,386 pounds, which would 
make the weight per bushel 30 pounds, as it came from the ma- 
chine only partially cleaned. 


BROADCASTING VS. DRILLING GRAIN. 


An interesting case of the relative effects of broadcasting and 
drilling the seed was noted on the experiment plats in 1901. On 
the plats where the effects of differing amounts of Nitrate of soda 
upon wheat and oats was being studied, the seed was broadcasted 
and harrowed instead of being sown with the grain drill. 

The seed began to germinate fully a month after planting and 
then only a small per cent. came up. The plants which came 
up late did not have time to form sufficient root system to resist 
the dry weather which followed, and part of the oat plants dried 
up without maturing. On account of the late germination of the 
seed, the weeds got ahead of the grain and helped smother the 
plants coming up. ‘This resulted in a total failure of the crop. 
Those plants which came to maturity showed absolutely no differ- 
ence in growth on the fertilized and unfertilized plats. 

B. C. BuFFuM, 
Agriculturist. 
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PLATH VII. 
Plat No. 99. Hragrostis neomexica( Mexican Crab Grass). August 22, 1901. 
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A REPORT OF THE CO-OPERATIVE GRASS AND FOR- 
AGE PLANTS EXPERIMENTS WITH THE U. S. 
DEPARTMENT OF AGRICULTURE AT THE 
COLORADO AGRICULTURAL EXPERI- 

MENT STATION, IN 1gor: 


BY A. H. DANIELSON. 
Assistant Agriculturist. 


In the spring of 1901 a great number of species of grass seeds 
were received from Prof. A. S. Hitchcock of the U. S. Department 
of Agriculture, to determine their adaptability to Colorado. Of 
these grass seeds, the larger quantities were planted in an eight 
acre field, in the middle of May, as field trial, and a small quantity 
of each was also planted in small plats in the grass garden about 
the first of June. In spite of the frequent rains during May and 
June very few made any sort of stand, and a great many did not 
germinate at all. 


THE GRASS GARDEN. 


A plat of ground was divided into small plats 8x1o feet, with 
2-foot alleys between them. The ground had been in Brome grass 
for three years, and after the grass was started in the spring, was 
plowed deeply and again cross plowed. ‘The plowed soil was then 
disc-harrowed again and again; harrowed with a common harrow 
several times and all the Brome grass roots dug and removed by 
hand. A heavy rain amounting to half a foot on May 20-23 was 
followed by several light showers until after another soaking rain 
the soil was well saturated, when on the Ist of June the seed was 
sown by scattering over the plats and raking it in well. During 
June frequent rains kept the surface moist, making unusually 
favorable conditions for the seed to germinate. ‘The weeds of 
course proved to be more ambitious than the grasses planted, so 
beginning with July 1 the plats were weeded by hand and all weeds 
and plants except the variety planted removed. Part of the garden 
was watered with hose and sprinkler occasionally throughout the 
month. 

It appears that slight differences in soil and method of plant- 
ing have great influence on the germination and growth of grass 
seeds. The same seed which made good plants in the field failed 
to germinate at all in the grass garden. Different methods of 
planting , and early, late and: fall planting will be tried, however, 
until we discover the right way, for we are determined to get a 
good stand with all the grasses and forage plants possible. 

For convenience it has been thought best to divide the species 
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growing in the grass garden into classes: Those that made a 
good growth, a Pee growth, and those that made little growth 
or died out, and those w fick never germinated. 


THE FOLLOWING SPECIES GREW WELL. 


Plat No. 53. (Panicum crus-galli—Japanese Barnyard Grass. Seed from 
Amherst, Mass., planted very thickly. July 10, up; July 22, one of the 
most luxuriant plants in the plats, entire plat covered and 20 inches high. 
Sept. 28, harvested; seed ripe and saved. Weight of cured hay from 80 
square feet, 31.6 pounds, or at the rate of 8% tons per acre. Weight of 
seed 2.5 pounds. 

Plat No. 99. Eragrostis neomexica—New Mexico Crab Grass, an an- 
nual. Seed from Metcalfe, N. M. July 1, up. July 22, fine stand and 
very thick, 12 inches high. Aug. 31, the finest appearing grass in the 
plats; slender stems clothed with abundant foliage, has been heading for 
two weeks but seed is not yet ripe. Average height 36 inches, tallest plant 
51 inches high. Oct. 4, yet unaffected by frost, seed ripe and shelling 
out. Oct. 19, harvested, weight green 22.9 pounds, seed threshed out 0.8 
pounds. The seed does not ripen all at once and there is a great deal 
left on the stems which may ripen later when dry. (Shown in Plate VII). 

Plat No. 92. \Euchlaena luxurians—Teosinte. Seed from Texas Seed & 
Floral Co. June 14, well up. July 22, very thrifty, 16 inches high. Aug. 
31, growing well, good stand, leaves resemble those of corn. Average 
height 30 inches, highest 47 inches. Seems very hardy, not injured by 
frost at all by Oct. 4. By Oct. 19 totally killed by frost and dry; harvested. 
(Shown in Plate VIII). 

Plat No. 50. Bromus secalinus—(Cheat) (G. & L. Mont.) June 10, 
up. July 22, very good stand and thrifty, 4 to 12 inches high. Aug. 22, 
thrifty, close tufted mat, height 4-8 inches. Aug. 31, tops eaten and dam- 
aged somewhat by grasshoppers. 

Plat. No. 68. Elymus Canadensis—Canadian Rye Grass from Shear, 
Colorado. July 2, up fairly well. July 22, fairly good stand, looks prom- 
ising; 4-8 inches high. Sept. 15, a few heads have produced seed. March 
11, 1902, the fall planting is coming up thickly, 1-1% inches high. 

Plat No. 56. Panicum milliaceum—Broom Corn Millet, from Potomac 
Flats, D. C. June 10, up. July 22, full stand, 8-4 inches high, just head- 
ing. Aug. 22, seed fully ripe and plants drying up, average height 17 
inches. Sept. 21, harvested and seed saved. Weight of dry hay 1.6 pounds. 
Seed 0.7 pound. 

Plat No. 88. ‘Elensine coracana—African Millet, from A. B. Leckenby, 
Washington State. June 14,.up. July 22, very good stand and thrifty, 
12 inches high. Aug. 31, has been heading for the past two weeks but 
seed is not yet ripe; claw shaped heads on end of scape. Average height 
16 inches, highest 24 inches. Sept. 28, harvested, seed has ‘been ripe for 
some time. Weight of partly cured hay 17.4 pounds, seed 2.5 pounds. 

Plat No. 59. Sporobolus cryptandrus—Drop Seed from Shear, Colorado. 
July 22, just coming through the ground very thickly. Sept. 28, a good 
stand but very short. Forms a sod, very caespitose. 

Plat No. 54. Panicum texanum—Colorado Grass, Texas Millet, from 
H. L. Bentley, Texas. July 6, up. July 22, good stand at one end of 
plat. Better success in field plat. 

Plat No. 51. Bromus unioloides, from M. W. Johnson Seed Co., At- 
lanta, Ga. June 14, up. July 22, good stand at one end of plat. Beginning 
to head, 8 to 12 inches high. Aug. 22, seed ripe, falling off; plants 15 
inches high. 


THE SPECIES WHICH MADE ONLY A MODERATE GROWTH. 

Plat No. 70. Elymus ambiguus—July 2, above ground. Tnly 122. ap 
fairly well, 4-8 inches high. 

Plat No. 60. Sporobolus wrightiiSaceaton, from Griffiths, Arizona. 
July 6, up. Sept. 28, a few good plants about 8-12 inches high. 
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Plat No. 55. Panicum bulbosum—Alkali Saccaton, from Potomac Flats, 
Washington, D. C. July 5, up. July 22, a few scattered plants but the 
greater part just coming up. Oct. 19, damaged considerably by grasshoppers. 


THE FOLLOWING MADE LITTLE GROWTH OR DIED OUT AFTER 
COMING UP. 


‘Plat No. 100. Cynocurus cristatus—Crested Dogs Tail, from I. W. 
Woods & Son, Virginia. July 1, up; died out later. 

Plat No. 95. ‘Boutelona oligostachya—Blue Grama, from Griffiths, 
Cochise, Arizona. Oct. 15, a few plants in evidence. 

Plat No. 96. Calamovilfa longifolia—From Grand Haven, Mich. July 
1, up; died out. 

Plat No. 90. Agrostis stolomifera—Creeping Bent Grass, from Wood, 
Stubbs & Co., Kentucky. July 1, up. 

Plat No. 85. Festuca arundinacea—Red Festuca, from A. B. Lecken- 
lay, Walla Walla, Washington. June 14, up. Oct. 15, a number of plants, 
species uncertain. 

Plat No. 84. Festuca rubra 
Work; July 1, wp: 

Plat No. 80. Festuca durinscula 
New York. July 1, up. 

Plat No. 76. Poa nevadensis—Nevada Biue Grass, from A. B. Lecken- 
by, Walla Walla, Washington. July 1, up. 

Plat No. 75. ‘Poa laeviailmia—From A. B. Leckenby, Washington. 
Juty 43 up: 

Plat No. 74. Poa trivialis—From Peter Henderson, N. Y. July 1, up. 

Plat No. 69. Elymus glaucus—-(G. & L. Mont.) July 2, up. 

Plat No. 65. Elymus glabrifollus—Smooth leaved rye grass, from 
Texas. July 2, up. 

Plat No. 64. Elymus virginicus submuticus—Short-awned rye grass, 
from A. B. Leckenby, Washington. July 2, up. 

Plat No. 63. Agropyron spicatum—From A. B. Leckenby, Utah. July 
2, up. (This species did much better under field culture.) 

Plat No. 62. Agropyron occidentale—From Elias Nelson, collected 
near Wymore’s ranch on the Big Laramie River, Wyoming, Aug. 24, 1900. 
July 2, up. (Under field culture this species made a good stand in places.) 


o> 


Plat No. 49. Bromus richardsoni—Richardson’s Brome Grass (G. & 


L. Mont.) June 14, up. 
Plat No. 48. Bromus richardsoni pallidus—Richardson’s Brome Grass, 


(G. & L. Mont.) 
THE FOLLOWING SPECIES DID NOT GERMINATE. 
Tufted Hair Grass. (E. Nel- 


Red fescue, from Peter Henderson, New 


Hard fescue, from Peter Henderson, 


Plat No. 98. Deschampsia caespitosa 


son, Wyoming.) F 
Plat No. 97. Dactylotenium australensis—Button Grass, from Potomac 


mUatS.. 1, CG. : 
Plat No. 94. ‘Ammophila arenaria 


Massachusetts. 
Plat No. 93. Calamagrostis canadensis acuminata—From BH. Nelson, 


Wyoming. ' 
ij Plat No. 91. Alopecurus pratensis--Meadow Foxtail—From Wood & 


Son, Richmond, Virginia. 
Plat No. 89. Beckmania erucaeformus—Slough Grass, (Griffith & 


Lange, Mont.) . ; 
‘Plat No. 87. Puccinellia airoides—From E. Nelson, Wyo. (This species 


made a fair growth under field culture.) 
Plat No. 86. Festuca ovina—Sheep Fescue, from Nongesser & Co., 


New York. 
Plat No. 83. Festuca kingii—King’s Fescue, from A. B. Leckenby, 


Walla Walla, Washington. 
Plat No. 82. Festuca heterophylla—-Various leaved fescue, from D. 


Lendreth, Philadelphia. 


Beach Grass, from Provincetown, 
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Plat No. 81. Festuca thurberi—Thurber’s fescue, from Shear, Colo. 
Plat No. 79. ‘Poa macrantha—Seaside Blue Grass, from A. B. Leck- 


enby, Wash. 
Plat No. 78. Poa wheeleri. 
Plat No. 77. (oa lucida—-Shining Blue Grass, from A. B. Leckenby, 


Wash. 

Plat No. 73. Poa compressa—Canadian Blue Grass, from I. W. Woods 
& Son, Va. (This seed did not germinate either in field or grass garden.) 

Plat No. 72. Poa sudetica—From Paris, France. No. 4334. (Not a 
seed of this lot germinated either in field or garden.) 

Plat No. 71. Elymus condensatus—Giant Rye Grass. (G. & L. Mont.) 

Plat No. 67. ‘Elymus simplex—Alkali Rye Grass, from EH. Nelson, Wiyo. 

Plat No. 66. HKlymus macounii—Macon’s Rye Grass, from E. Nelson, 
Wyo. 
Plat No. 61. Agropyron tenerum—Slender Wheat Grass, from K. M. 
Iver, Canada. 

Plat No. 58. Agrostis canina—Rhode Island Bent, from Peter Hen- 
derson, New York. 

Plat No. 57. Agrostis alba—Red Top, from Nongesser & Co., New 
York. 

Plat No. 5%. Panicularia americana—American Manna, from E. Nel- 
son, Wyoming. 


A number of plats were planted with some commercial seed 
bought in the open market some years ago. Among these the fol- 
lowing made fair success, particularly sand or hairy vetch (Vicia 
villosa) : 

Orchard Grass, French Rye-Grass, Italian Rye Grass, Common 
Crimson clover, Sand Lucerne, Bee clover, Sand or Hairy Vetch, 
Velvet Bean, Idaho Coffee Berry or French Pease, etc., European 
Flax, Johnson Grass. 

In the fall of 1g01 the grass plats were replanted by opening 
shallow furrows every six inches, leaving the ground between in- 
tact. This is to determine whether freezing the seed during the 
winter will cause it to germinate more satisfactorily. arly in the 
spring of 1902 the grass plats were again being replanted by open- 
ing furrows across those previously made. ‘This is to see whether 
early planting is not more successful than late. We are determined 
to have a representation of all the species possible. 


THE GRASSES AND FORAGE PLANTS UNDER FIELD CULTURE. 


A field of over eight acres was planted to many species by 
drilling or broadcasting, to determine what the grasses would do 
under ordinary farm methods. A depression runs across the land 
through which runs the seepage from the fields above during the 
irrigating season. In course of time the soil in this depression has 
become strongly charged with alkali. ‘The grass seeds were so 
planted that part of each plat was wet during the season while the 
balance was on high ground, not capable of being irrigated. 

‘The seeds of the salt bush, (Atriplex) were planted in every 
possible manner on both wet, alkaline and dry land, but “none 
germinated, at least this season. A wild millet (Panicuni sp.) 
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Bromus Inermis 
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and a salt sage grows naturally in abundance on this land besides 
other weeds common on irrigated lands. 

The land, which had previously been in a thin stand of Brome 
grass (B. Inermis), was first disc-harrowed and then thoroughly 
harrowed with a common harrow. ‘The seed was planted between 
May roth and 14th by drilling it in with a common grain drill 
with grass seed attachment where the shape of the seed permitted, 
or broadcasted by first harrowing with the drill, sowing the seed 
and again covering by running over the ground with a drill. When 
all the seeds had been planted the surface of the soil was thoroughly 
compacted by running over it with a heavy iron roller. Very heavy 
rains between May 20 and 22, washed the land quite badly. Fre- 
quent rains the following month gave the grass seed a good chance 
to germinate—also the weeds. The latter became so thick by 
the middle of summer that the entire field had to be gone over 
with the mowing machine. In the latter part of summer the field 
was pastured by cattle. 

No definite conclusions can, of course, be drawn from a 
single season’s test, but we have received some valuable hints of 
promising species. The cultivated barnyard grass (P. crus-galli) 
is eaten greedily by cattle (it was almost dug out by the roots 
by them) and two species of Brome grass (B. marginatus and B. 
untoloides) seem to do better the first year even than (B. inermis). 


Panicum crus-galli—Japanese Barnyard Grass. Seed from Amherst, 
Mass. Sown very thick on 0.16 acre with grain drill at the rate of 64 
pounds per acre, May 14. May 25, up. June 12, about 2-4 inches high. 
July 2, very good stand, 4 to 10 inches high. When pastured by cattle 
later in the summer it was very readily eaten by them. 

Bromus inermis—Planted May 14 on 0.15 acre at the rate of 48 pounds 
per acre by broadcasting and @drilling; drilled twice and broadcasted be- 
tween the two drillings. June 12, about 1% inches high; fairly good stand. 
July 2, very good stand in places. 

Bromus unioloides—Rescue Grass, an annual, from M. W. Johnson 
Seed Co., Atlanta Ga. Seed planted May 14 by drill; drilled one-half of 
the land twice. July 2, fair stand in spots. July 18, heading or going 
to seed in places; 4-8 inches high. 

Bromus marginatus—Shortawned Brome Grass. (Nees.) Sown May 
13, by broadcasting; land harrowed with drill before and after sowing on 
0.38 acre at the rate of 25 pounds per acre. June 12, fairly good stand, 
1-2 inches high. July 2, very good stand in piaces, about 4 inches high. 
This species has made much better growth all around than B. Inermis. 

Agropyron spicatum—From A. B. Leckenby, Utah. Sown by broad- 

easting on 1.13 acres at the rate of 27 pounds per acre; land harrowed 
before and after sowing. ee 13, Soa June 12, very fair stand, 1-2 
i igh. uly 2, good stand in spots. 
A eet aie e Contos near Wymore’s ranch on the Big 
Laramie, Wyo., Aug. 24, 1900, by Elias Nelson. Sown by ‘broadcasting on 
0.5 acre at the rate of 40 pounds per acre, May 13. July 2, good stand 
in places, very slow to germinate and plants very scattered. 

Panicum texanum—Texas Millet, Colorado Grass, from H. lL. Bentley, 
Sown May 13 by broadcasting on 1.2 acres at the rate of 24 
pounds per acre. June 12, just beginning to show above ground. July 2, 
fine stand in places. Oct. 23, has made considerable growth this summer 
and quite matted along the drill rows; plants average about 8 inches apart. 


Texas. 
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Puccinella airoides—From Elias Nelson, Wyoming. Seed broadcasted 
on May 11, on 0.7 acre at the rate of 15 pounds per acre. Seed very fine 
and small; screened twice but too full of straw to be drilled with grass 
attachment. Managed to drill a small part of the land. July 2, grow- 
ing well in spots but there are large bare places. July 18, heading or 
going to seed; 8 inches high. Aug. 22, making fine growth in spots at 
north end; low densely tufted basal leaves; very slender fine culms. 

Muhlenbergia glomerata—From A. B. Leckenby, Walla Walla, Wash. 
Broadeasted seed on 0.2 acre at the rate of 20 pounds per acre on May 
11. June 12, coming up fairly well. July 2, very promising stand, about 
the best in the field. 

Sporobolus airoides—Alkali Fine Top. Two lots of seed, from E. Nel- 
son, Wyoming, and G. & C. Mont. Broadcasted May 10, harrowed with 
drill before and after sowing. July 2, making thrifty tufts of grass in 
places. 

Agropyron tenerum—Slender Wheat Grass, from K. M. Iver, Canada. 
Seed like small oats. Planted with drill May 11. Total failure; never 
germinated. 

Poa compressa—Canadian Blue Grass, from L. W. Woods & Son, Vir- 
ginia. Sown with drill at different depths using small seed attachment, 
May 11. Did not germinate. 

Poa sudetica—From Paris, France. No. 4334. Planted with drill, 
covering lightly, using grass seed attachment. Not a seed germinated. 

Elymus simplex—Alkali Rye Grass, from HE. Nelson, Wyoming. Planted 
May 10. Did not germinate. 


ATRIPLEXES. 


None of the following saltbushes germinated this year. They were 
planted with the drill where the seed permitted or otherwise broadcasted. 
They were planted by dropping the seed in a shallow furrow, by cover- 
ing lightly and again deeply; they were planted on wet alkali soil, moist 
soil free from alkali and on dry land but none germinated. 

Atriplex halimoides—Gray Saltbush, from Potomac Flats, Washington, 
DAC: 

\Atriplexx holocarpa 
LON, Ds ©, 

Atriplex pabularis—Forage Saltbush, from Elias Nelson, Wyoming. 

Atriplex eruncata—Utah Saltbush, from E. Nelson, Wyoming. 

Atriplex nuttalliimNuttall’s Saltbush, from E. Nelson, Wyoming. 

Atriplex eremicola—Desert Saltbush from E. Nelson, Wyoming. 

Atriplex volutans—Tumbling Saltbush, from HB. Nelson, Wyoming. 


Annual Saltbush, from Potomac Flats, Washing- 
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REPORT OF THE METEOROLOGIST AND IRRIGATION 
ENGINEER. 


The work of this Section of the Experiment Station has been 
very largely the development of plans that have guided the work 
for a number of years. 

The plans of work originally included a study of irrigation 
conditions of the whole State, or what was planned to be an irri- 
gation survey. In connection with this an examination was to be 
made of the various valleys of the State, and the conditions es- 
pecially regarding water and the use of water leading to a de- 
scription of the valleys in detail. 

The means at the command of the Section have been small 
so that the general purpose has been very much affected, and it 
has been necessary to take up some phases which would make no 
demand for funds. This originally lead to the seepage measure- 
ments on the streams, and these have been made during the past 
season, and carried on over hundreds of miles of streams. These 
particular investigations have made but small demands for funds, 
especially as aid has been given by the ditch companies in the 
different parts of the State, and others interested in the irriga- 
tion development. Other investigations which would require funds 
in addition to our equipment have had to be very largely set aside. 

Meteorologicl observations have been continued. They are 
becoming of increasing importance. The object kept in view has 
been a study of the agricultural meteorology of the State, with each 
year’s addition it becomes increasingly valuable. 

These records are extensive and cover all phases, especially 
of the meteorology relating to moisture. 

Respectfully submitted, 
L. G. CARPENTER. 
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REPORT OF THE HORTICULTURIST AND BOTANIST 


I have the honor to submit the following report of the Sec- 
tion of Horticulture and Botany of the Agricultural Experiment 
Station for the year I9goOI. 

T’he work of the Department has followed along the lines laid 
down in the schedule, as closely as the available time would per- 
mit. Mr. Rolfs was detailed to investigate the cause of potato 
failures and he has devoted a large share of his time to this work. 
A number of preliminary experiments in treating seed potatoes 
before planting and of spraying the vines were undertaken. The 
results of these experiments together with field observations and 
laboratory studies prove that the failure of this crop in many por- 
tions of the State is due to root diseases; the one that is most de- 
structive being a species of Rhizoctoma. 

Potato plants affected with Rhizoctonia present different char- 
acteristics according to the nature of the soil, soil conditions and 
the extent of injury done to the plant by the fungus. Some of 
the conditions that are familiar to potato growers are, very large 
vines which may produce either no tubers, a few tubers, or an 
abnormal number of small tubers. In other instances the potato 
plant may be killed, thus reducing the stand materially. 

A number of important facts new to science have been estab- 
lished and the experiments give promise of practical methods of 
overcoming these troubles. 

The cultivation of potatoes on a large scale in Colorado is 
restricted to a comparatively few favored localities, which is no 
doubt largely due to the ravages of fungi. A practical method of 
combating these plant diseases will mean the saving annually of 
many thousands of dollars to the farmers of the State. 

A report of progress on this work will be published in the 
near future in bulletin form. ‘The work, however, is far from 
completion, consequently it will form one of our more important 
lines of investigation in the future. 

The pea disease at Longmont was not as much in evidence 
this season as last, though it destroyed several fields. Our investi- 
gations show that the disease is caused by attacks of a root fungus, 
Rhizoctoma species, which if not the same is closely allied to the 
one that is so destructive to potatoes. ‘The fungus is present in 
the soil when the pea seed is sown and there is no practical method 
of determining its presence except by its effect on the pea plants. 
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Now that we know what the cause of the disease is, experi- 
ments are to be undertaken the coming season to see if it can be 
successfully controlled or overcome. 

Two trips were made during the summer to Delta county, 
to investigate a disease of apple trees which had attracted con- 
siderable attention in one locality. This condition was found to 
be due to soil conditions and water supply rather than to the at- 
tacks of fungi. 

A good deal of attention has also been given to root rot of 
fruit trees that is present in orchards in many parts of the State. 
The investigation of this trouble will form a prominent feature 
in our future work. 

A bulletin has been prepared on the subject of ‘Plant Dis- 
eases’ which is soon to be published. ‘This will contain a resume 
of the more important diseases of the year, and directions for 
treatment will be given where possible. 

The investigation of the apple industry of the State has pro- 
ceeded slowly, owing to the lack of time. However, some data 
has been secured which will be added to as time and opportunity 
permit. 

The condition of celery, mentioned in my former report, 
known as pithy or hollow stem, was not as prevalent this year as 
last. Self fertilized seed from both sound and pithy stemmed 
plants was secured this fall. Should plants from either lot of seed 
show a difference in either direction, an effort will be made to 
improve the variety by selection and thus produce a strain of 
celery that will produce a large per cent. of sound plants. 

Arrangements were made with the authorities of the New 
York Botanical Garden to work over the material in the College 
herbarium and classify the plants according to the present sys- 
tem of nomenclature. Accordingly the herbarium has been shipped 
to New York and an expert is now at work on it. It is gratifying 
to know that this work is now to be completed and that the Flora 
of the State is to be published in the near future. 

Respectfully submitted, 
W. Pappock. 
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REPORT OF THE ARKANSAS VALLEY SUBSTATION, 
ROCKYFORD. 


Herewith is presented a summary of the work performed 
in the Arkansas Valley the past season: 

The lines of investigation have dealt principally with the sugar 
beet, the cantaloupe and the tomato. aoe 

Leguminous crops have been tested for green fertilizing and 
forage and grasses for pasture purposes. The experimental or- 
chard has been given due attention. 

More than half of the time of the agent has been occupied 
in taking observations upon questions relating to the agriculture 
of the Valley, most of which had a bearing on the lines of work 
above enumerated. This part of the work has been less extended 
than it would have been were better transportation facilities at 
hand. For this reason most of the work has been restricted to 
the vicinity of Rockyford. 


The Station land, with the exception of about 15 acres has 
been under lease to different parties. 


The following embraces the lines of investigation with the 
sugar beet: 


1. Means of securing a stand. 

Success attained at different dates of planting. 

What effect irrigation, applied at different times and in different ways, 
has upon the growth, yield and sugar content. 


4. The use of green fertilizers, yard manures and nitrate of soda as ferti- 
lizers for the beet. 


5. Note the growth of beets on alkali soil. 


6. General and specific observations upon the depth of planting to secure 
best results. 


Effect of hail upon the growth and maturity. 

8. Observations upon insects and remedies and upon fungus diseases. 
The following embraces the work with the cantaloupe: 

Treatment of seed for blight. ; 

The number of sprayings and the best time to spray for blight. 

iA verification of the work of former years. 


Note the distribution and extent of the disease, also of insect pests. 
Time of planting to get earliest maturity. 


The following points have been studied with the tomato: 
Propagation of the plants—what effect the use of different classes of 
plants may have upon maturity and production. 

The effect of time of planting upon maturity and production. 


The effect of fertilizers upon maturity, growth and production. 
Test of varieties. 


Pruning and training. 


w bo 
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Many specimens of injurious insects have been sent to the 
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Entomological Department, and the Botanical Department has been 
advised of any fungus troubles. 

Some general notes have been taken upon the spraying and 
irrigation of orchards and also upon the adaptation of fruits. 

Full and complete record was kept of the lambs fed upon pulp 
for market. 

The usual meteorological observations were taken and monthly 
reports forwarded. Respectfully submitted, 

H. H. GrirFFin, 

Rockyford, Colo., Nov. I, 1901. Field Agent. 
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REPORT OF THE PLAINS FIELD AGENT, CHEYENNE 
WELLS. 


I herewith present the following report of work done at the 
Plains Substation and of the work done as field agent during the 
past year. 

The Weather. A record of temperature, wind, rainfall and 
relative humidity of the air was kept until September 1, when 
the record of relative humidity ceased on account of the psy- 
chrometer being broken. I also acted as volunteer weather ob- 
server for the United States Weather Bureau until October 1, 
1901. The usual April storm occurred causing serious losses to 
stockmen between the rst and 12th of April. After the cold rains 
during the first part of April very little rain fell until the last 
of July. Several extensive prairie fires occurred during July. 
After rains began again there was plenty to keep the grass and 
crops in good condition until frost. June 11 to 15 was a period 
noted for storms all over the Plains of eastern Colorado. At 
Eads a regular tornado occurred; a saloon and school house were 
destroyed and several other buildings were damaged. The same 
day a windmill of A. Froelich, sixteen miles southwest of Kut 
Carson was wrecked by a storm, and the corral and stables of 
Mrs. A. Hinckley eight miles west of Kit Carson were destroye 
by what was reported to be a cyclone. ’ 

About June 13, a sever hail storm visited the Vernon Di- 
vide, causing much damage to crops and to stock. I saw a frame 
house which had fourteen holes in the weatherboarding on the 
west side all made by hail stones during one storm. Some stones 
went through both weatherboarding and plastering. Animals hap- 
pening to be exposed were killed. 

Hot winds were quite common during June and July. 


WORK AT THE PLAINS SUBSTATION. 


Horticulture. The fruit trees made a good growth. ‘The 
effect of the storm water upon the trees shows quite plainly even 
now. ‘The trees nearest the place where the water comes into the 
orchard are much larger than those at the opposite corner. ‘The 
storm water is carried to the orchard by means of furrows, and 
comes only at times of very rapid rainfall. 

Apples. ‘Two Duchess of Oldenburg bore about one-fourth 
bushel of fine fruit. We gathered from later varieties: Ben 
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Davis, one-half bushel; Winesap, one bushel; Utter’s Red, thirteen 
fine specimens; Jeniton, seven specimens; Romanite, one-fourth 
bushel; Missouri Pippin, two and one-half bushels. The Missouri 
Pippin tree received some waste water from the house on account 
of having its leaves eaten off by grasshoppers. No wormy apples 
have been found among the specimens produced. 


Plums. Six varieties fruited. The American Eagle plums 
were specially fine. The Weaver, Minor, Wolf, Cheney and Rol- 
ling-Stone were medium sized with fine favor. From one Weaver 
plum tree we picked one-half bushel of fruit. 

Cherries. Dry weather caused the cherry crop to mature 
imperfectly. About as many specimens were set as in 1900, but 
the fruits did not grow so large. Many developed only on one 
side of the stone. One English Morello tree bore heavily in 1900 
and then died to the ground. It threw up a vigorous sprout this 
year which is believed to be above the bud. All standard varieties 
of cherries seem to do equally well. 

Gooseberries. Both Downing and Houghton bore good crops. 
A few bushes died, apparently from some root disease. I find 
that nearly all who are raising gooseberries lose some bushes from 
this cause. Some distance below the crown the root turns black, 
while between the black part and the crown, the roots do not 
die for some time after the top has withered. 

Apricots. ‘Twelve Russian-apricots set in 1899 are all vigor- 
ous. One fruit was set but was eaten by grasshoppers. It has 
been almost the uniform experience with the apricot on the Plains 
that it makes a pretty tree but produces but little fruit. 

Peach Trees. Nearly all the peach trees survived the winter 
of 1901, and made a fairly good growth during the summer. They 
have not yet reached the bearing age. 

Dewberries:. All the plants reported last year are alive, but 
none bore fruit this year. 

Crab Apples. Nine of the ten crap apples set in 1899 are 
still vigorous, but none bore fruit. 

Pears. Six trees set in 1899 are still alive. One of the trees 
blossomed but failed to set fruit. 

Forest Trees. Of the forest trees reported in 1900, very few 
have been lost. All made a fair growth in 1901. We have grubbed 
out all but two rows of the Russian mulberries planted in the 
main field. ‘These should be taken out next season. 

Flowers. ‘The Giant Cosmos showed a repetition of their 
growth and productivity of 1900. They did not produce a flower 
until after October 1. After that they flowered profusely until a 
hard frost. Ordinary frosts do not affect them. 
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FIELD CROPS. 


Bromus Inermis. ‘This grass grew well in the early spring, 
where it was not thickly set. During the summer dry spell it dried 
up entirely. It would have burnt at any time between June 20 
and July 25. But when the rains came, it again revived and made 
a good growth. When last seen, October 25, it was still green. 

Hagi. ‘The plants grown in 1900 lived over winter and grew 
to be twelve to eighteen inches high this year. These are so thin 
on the ground that the plants are quite woody. 

Sorghum. Only two varities of the several planted were 
harvested. ‘These were Early Amber and Early Orange. The 
other varieties were planted later, after most of the moisture which 
fell in April had evaporated, so that none grew large enough to 
cut. Most of the seeds merely germinated. 

It was the plan to do the work this year on a practical scale 
so as to make an estimate of the cost of production. Seven and 
one-half acres of Early Orange cane were planted, and twenty- 
nine and one-half acres were planted in Early Amber. On the 
plats receiving the same treatment very little difference could be 
noticed in the yield. It happened that the Early Orange was 
planted first and given one more cultivation than the Early Amber. 
The yields were as follows: Early Orange, 3,125 pounds fod- 
der per acre; and the Early Amber, 1,470 pounds per acre. The 
cost per ton is about $2.20, or slightly less than $2 per acre for 
the sorghum fodder in the shock. 

Different parts of the field furnished valuable object lessons 
on the value of culture at the proper time. But notwithstanding 
the losses from inability to cultivate at the proper time, the results 
show that fodder was put in the shock at a very low cost. Work 
done on this field is up to the average of the country. Hundreds 
of men lost entire crops by giving up and letting the weeds take 
their fields when a little labor spent in killing weeds during the 
dry time would have made them good crops. 


Alfalfa. About three-fourths of the alfalfa sown in 1897 is 
dead. This did not produce enough to pay for cutting. Of that 
sown in 1899 only a little patch growing in a low place was cut. 


INVESTIGATIONS OF EASTERN COLORADO. 


The work done in 1901 was a continuation of the work of 
1900 with the exception that less time was spent in collecting crop 
statistics. The greater portion of the time was given to looking for 
facts which would tend to explain the variation in results obtained 
in different localities by men of practically the same amount and 
quality of industry and intelligence. 
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A map accompanying this report shows the route traveled. 
1,800 miles were traveled with a team over a territory approxi- 
mately 96 to 144 miles. The territory studies include the three 
valleys of the Republican, the valleys of the Big Sandy, Rush 
Creek, Horse Creek, and Adobe Creek, and the drainage basins 
of all these streams. 

The location of irrigation plants was noted and enough in- 
formation concerning each was recorded so that we can get exact 
data later by correspondence in cases where it would have been 
expensive to get such information by personal observation. The 
leading interest of each locality visited was recorded, and men 
sought out from whom we might gain reliable information by cor- 
respondence. 

Grain Farming. Concerning grain farming, but little can be 
added to the report of 1900. This is confined, with a few minor 
exceptions, to the divide between the South Fork of the Repub- 
lican and the Arickaree, and that part of the divide between the 
Arickaree and the North Fork of the Republican lying east of 
the Sandhills. To these settlements with a few individuals near 
Thurman, Yale, Wallet, are confined the trials of grain raising 
now carried on in the territory studied. Outside of the two large 
districts the number who depend upon grain raising is becoming 
rapidly less each year. In those districts stock raising is becoming 
more prominent. A partial failure of wheat in 1901 caused many 
to feel like trying something else. Wheat was not more than a 
half crop, but corn on sandy land made a good crop wherever 
thoroughly cultivated. This was one of the years when careful, 
hopeful and industrious men were paid for their work and pains. 
A few who experimented were located and their results will be 
noted later. 

“STOCK. 


Small Herds. By small herds we mean small bunches of 
cattle cared for by the owner or his family. The size of these 
herds ranges from a few head to four hundred head. As a rule 
feed is produced by the owner to feed the weak cattle through the 
winter and the whole herd through the stormy periods. Eastern 
Cheyenne, Eastern Kiowa, Northern Lincoln, Eastern Arapahoe, 
all of Kit Carson, Yuma and Washington counties are included in 
this, except the river valleys where larger bunches are kept. In 
this whole territory fodder consisting of sorghum, millet, milo 
maize or corn were produced. The variety of fodder raised seems 
to depend more upon the prejudice of the producer than upon 
the locality, as they are all grown more or less in each neighbor- 
hood. Sweet sorghum is becoming standard forage. It can be 
produced and put into shocks at a cost of about $2 per ton by 
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using ordinary machinery. It is likely that the cost can be ma- 
terially reduced when the use of up-to-date machinery becomes 
more general. Even fodder production has not been found profit- 
able upon adobe soil without irrigation. 1 

Large Herds. These are found on land where crop raising 
has proved a failure, or in the hands of old time stockmen who 
are prejudiced against using the country except as a cattle range. 
The western part of Cheyenne and Kiowa, the southern part of 
Lincoln, and the northern part of Otero and Bent, and the valleys 
of the South Fork of the Republican and the Arickaree are, as 
a rule, occupied by large herds. The owners of large herds do not 
generally believe in feeding, and expect their cattle to hustle their 
feed in winter and summer. Severe losses during hard winters 
compel the belief that the time is coming when it will pay to feed 
cattle. ‘his is especially true where the settlement has encroached 
upon the open range until it is all occupied to the point of being 
over-stocked. [he time was when the valleys were left for the 
production of hay, but shortage of grass in the summer of 1901 
compelled many rich meadows to be used as pasture. Old time 
cattlemen believe it is more profitable to ship in grain for use of 
their stock during storms than to attempt to raise fodder or grain 
by farming: I have been told by some of these stockmen that a 
man should be fined heavily if he should attempt to put a plow 
in the ground. 

Improved Methods of Handling Stock. As the range be- 
comes crowded, men must choose between feeding during the win- 
ter, going out of the business, getting absolute control of certain 
land, stocking it to its capacity, and then increasing the value of 
their stock, not by numbers, but by improvément in quality. As 
yet we have met only one man who is trying this plan. His young 
stock is now the third cross toward purebred and it is easy to 
recognize them when they become mixed with his neighbors’ 
cattle. 

Ranges. Vosses incurred by stockmen in recent years make 
prominent the fact that we have some ranges that are fit for use. 
the year round, and some which are safe only as summer ranges. 
The sandy loam soils and also the ordinary clay loam soils seem 
to be safe for use at all times of the year, but the adobe land has 
proven to be unsafe as winter range. In April, 1900, one cattle 
company lost fifty per cent. of the cattle put on a range where 
adobe soil predominated. Old stockmen claimed that the char- 
acter of the soil was responsible for the loss. When the rain came 
the soil became a mass of very sticky mud, so that when the cat- 
tle walked each foot would soon become loaded with from ten to 
fifty pounds of mud. One of. the riders who worked there told 
me that the course of the drifting herd could be easily traced by 
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the dead animals. The adobe country is excellent summer range, 
and large sections are used exclusively in that way, the cattle be- 
ing taken either to the valleys and fed alfalfa during the winter or 
to other ranges which are safe. 


MISCELLANEOUS OBSERVATIONS. 


Fruit. Evidence has accumulated showing that plums, cher- 
ries and gooseberries can be grown without irrigation by carefully 
cultivating the soil. 

A. E. Tabor, living ten miles southeast of Wray, has pro- 
duced gooseberries on a commercial scale. His soil is a dark sandy 
soil. He cultivates carefully; but the efforts at the production: of 
apples, peaches, pears, apricots and grapes without some means of 
supplying extra water during severe droughts are generally met 
with failure. However, fine fruits of all kinds have been raised 
during favorable seasons. For example, the Plains Substation pro- 
duced some fine apples this year, but the rains happened to come 
just at the right time to save the fruit. An August drought would 
probably have caused most of the apples to drop. 

The few orchards that are irrigated prove that there is nothing 
in the climate to prevent success if plenty of water is available 
when needed for the use of the trees. The places of John Rose, 
near Seibert; James Howell, near Flagler; John Speirs, near Robb; 
all show what can be done by irrigation. When I saw the places 
of Messrs. Rose and Howell, last August, the trees had been re- 
cently damaged by a severe hail storm. ‘There were several bushels 
of fruit on the ground at that time, and what fruit remained on 
the trees was much damaged. Both these places showed fine fruit 
in 1900. At Mr. Speirs’ last August, his grape vines were heavily 
loaded with fruit. He is raising considerable small fruit for 
home use. Peter Eckert, near Thurman, also had a fairly good 
crop of plums, grapes and cherries this year. Hail is the main 
source of loss when the trees can be irrigated. 

Timber Claims. ‘There is nothing to add to the report of 
1900, as we have seen very few well kept timber claims this year. 
Those of Kursidim and Morris (photos of which are shown in 
bulletin No. 59) are the best that I have seen. These show signs 
of neglect this year. | 

Native Salt Weed. (Artiplex Argentea.) In the annual re- 
port of 1900, I recommended that the native salt weed found near 
the head of the South Fork of the Republican river, be tested as 
to feeding value and its distribution determined. Then I suggested 
that if it seemed to be a valuable forage plant, it should be dis- 
tributed as widely as our means would permit. Three hundred 
pounds of the salt weed hay were sent to the Station Chemist, Dr. 
Headden, to be used in the feeding experiment. He reports that 
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sheep fed the salt weed hay all lost in weight during the test. x 
full report of the test will be published by the Chemical Depart- 
ment in the near future. In my travels during rgo1, I found 
specimens of salt weed growing in nearly every locality in which 
adobe soil predominates. Especially if it is alkali soil. Recently 
I found a specimen near an alkali lagoon two miles south of Fort 
Collins. 

Australian Salt Bush. During the year 1900, some plants 
of Australian Salt Bush were carefully cultivated in a protected 
corner of a town lot in Burlington, by Hon. T. G. Price. When 
I looked for them last summer, Mr. Price told me that they had 
all: “winter-killed’”’ during the previous winter. Dr. Headden in- 
forms me that Australian salt bush has proved to be an annual in 
Colorado, although it is a perennial in California. 

Russian Thistles. 1 find quite a variety of opinion existing 
as to the value of Russian thistles as a winter forage for stock. 
Some claim that thistles are as good as alfalfa for forage, others 
contend that they are worthless. One man said he liked them for 
feeding during storms, because as soon as the storm was over the 
cattle would immediately leave the corrals and hustle for grass; 
while if millet, corn fodder or cane was fed, the stock would hang 
around the corral a day or two looking for feed. My own ex- 
perience indicates that the last mentioned opinion strikes the happy 
medium and is probably an index to the true value of Russian 
thistles as forage plants. 

Irrigation. Only a small part of the region studied this year 
is irrigated, and from the limited water supply now known, but 
little can ever be irrigated. No stream flowing through the terri- 
tory furnishes enough water to make a large ditch pay, or for 
taking the water up on the divides, where the best water is usually 
found. Then, where there are good locations for irrigation on 
a small scale, it is so far from markets-that most of the land must 
be used for raising cheap crops like alfalfa. The best possible use 
to which such locations can be put at present is as winter quarters 
for cattle which graze on the uplands during the summer. Most 
of the irrigated patches are now used in this way. A few use 
irrigation for making pleasant homes and supplying the family 
with fresh fruit and vegetables. On the divide it is possible to 
irrigate small gardens by means of windmills, and this is done 
by many. 

Windmill Irrigation. ‘The men who began with a small herd 
of cattle some twenty years ago, at first had too much water for 
their stock and so learned to irrigate a small garden. Later, when 
the herd increased so that it took the water as fast as the wind- 
mill would pump it, the gardens ceased to flourish. One calf was 
said to be equal in value to all the vegetables that could be grown 
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on a little garden patch. Many are now returning to the pian of 
raising a small irrigated garden. They say that the garden does 
not pay, but it is one of the luxuries which their present prosperity 
watrants. 

Irrigation From Underflow Streams. Nearly all irrigation 
along the Big Sandy is by means of underflow. Tiling is used 
for getting the water out of the sand. Between two and three 
hundred acres are irrigated from the Big Sandy. We have records 
of many plants showing location, amount of land irrigated and 
kinds of crops raised. 

Irrigation From Surface Streams. Nearly all the irrigation 
in the valley of the South Fork of the Republican is with water 
from the South Fork of the Republican river. Charles Milleson 
has forty acres which is sub-irrigated, and there are a few patches 
near him which are also sub-irrigated. There are fully three 
hundred acres irrigated in the valley of the South Fork. The 
Arickaree and its tributaries furnish water for the irrigation of 
nearly four hundred acres. There are about four hundred acres 
irrigated in the valley of the North Fork of the Republican river. 
The valley of Rush creek has about eighty-five acres irrigated. 
Horse creek and tributaries furnish water for the irrigation of 
about one hundred and sixty acres. Much of the irrigation water 
in the southern part of Lincoln county is secured from springs. 
The underflow of the Plains seems to come to the surface in 
many places along the head of Rush, Horse, Little Horse, Steels 
Fork and other creeks in that region. At one place I saw water 
flowing from a spring at the top of a hill. This spring furnished 
water for the irrigation of ten acres, and it looked possible to 
develop still more water froin this source. 

Storm Water. Nearly all the schemes for the use of storm 
water in irrigation have failed. However, there are a few people 
who depended on storm water and have succeeded in utilizing it. 
The Rosenkrantz ranch, where two hundred and fifty acres are 
irrigated from Dry Willow creek, a tributary to the Arickaree near 
the Kansas line, is one of the most successful which depends mainly 
on storm water. ‘The reservoir was broken by a cloudburst in 
1900, but it can be replaced at a small cost. James Howell’s small 
plant near Flagler is a success. W. V. Erickson’s plant was not 
yet at work when I saw it this year, as no heavy rains fell last 
spring to fill the reservoir. The future must test its value. 

Men are going into irrigation at the points of the least re- 
sistance. Storage of storm water is a problem of the near fu- 
ture. As necessities arise for the use of storm water, it is likely 
that means will be found for retaining it on its watershed. This 
will be done in time wherever it will pay. 

Loco. From March 20 to September 20, I took pains to col- 
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lect whatever information I could on the subject of loco. Map 
No. 1 shows the relative distribution of loco plants and is a part 
of this report. ‘The evidence of stock men was unsatisfactory. 
The main points of agreement was that cattle, horses and sheep, 
become either crazy or stupid or both at times, and the witnesses 
think that eating some species of astragalus, oxytropus, sage or 
other plants common to the range cause the effects named. In 
all the region studied we found specimens of loco plants, but in 
some localities they were much more numerous than in others. There 
is some evidence showing that families of animals may be adicted 
to the loco habit; as a cow and all her calves, or a mare and all 
her colts. ‘The evidence shows that loco plants can be killed by 
cutting them off below the crown. As the plants produce much 
seed this course must be persistently followed for a number of 
years, and thus eradicate them from the pasture. On open range 
which belongs to everybody, eradication of plants of loco is not 
a possible solution of the problem, as no one will work when re- 
ward is not sure. ‘The subject must be given long and careful 
study before we shall be justified in giving an opinion upon it. 
We need accurate records of cases from beginning to end. Most 
of the evidence begins in the middle of the case with no available 
history of the animal affected before it was found sick. 

Soil. During the year 1900 I took very few samples of soil, 
but observed the soil over which I traveled with a view of selecting 
samples later. In 1901 I made the taking of soil samples a part of 
my business. I took forty-five soil samples during the summer, 
making forty-nine samples in all. These are now stored for use 
whenever needed. Map No. 1, which is a part of this report, shows 
approximately the localities from which the samples were taken. 

Soil Influence on Crop Production. One of the best illustra- 
tions of this is found when comparing Eads and Galatea. Near 
Fads is a small area upon which good crops of fodder are raised 
every year. At Galatea only 16 miles west of Eads, nearly all 
efforts at production of forage have proven failures. Eads and 
Galatea are located in small areas which are bountifully supplied 
with well water, but are surrounded by a country in which water 
is not easily found by digging. All the difference which can be 
seen is in the kind of soil used in trials at crop production. ‘The 
soil near Eads is a dark sandy soil, while that near Galatea is a 
very stiff clay ,and may be classed as adobe. 

_ Careful, industrious men have worked faithfully at Galatea, but 
failures compel them either to turn to stock raising or leave the 
country. Around the sand hills there is usually to be found a 
strip of dark sandy land where moderate crops of feed are raised 
every year while often the clay lands have been abandoned. 

Difference in Climate. Examine the map and note the small 
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territory near Vernon between the North Fork of the Repub- 
lican and the Arickaree which is east of the sand hills. This is 
the field of the most successful attempts at farming which have 
been made in the whole region of study. Crops average better 
there than on the divide between the Arickaree and the South 
Fork of the Republican. The soil certainly does not increase uni- 
formly in fertility as we get further north. ‘The people are of 
the same class. Rainfall as determined by local observers, is es- 
sentially the same. ‘These three factors being so nearly equal, we 
must look outside the localities for an explanation of the differ- 
ences. Note that north of the North Fork of the Republican 
river is a sand hili region about 20 miles wide. West of the Vernon 
neighborhood is another group of sand hills about 20 miles 
square. West of both groups, which almost join each other, near 
the source of the North Fork of the Republican river, is a region 
fully as large as the two sand hill regions which drains into the 
sand hills. Water is found in apparently inexhaustable quantities 
at a depth of 100 to 125 feet in the farming districts. JI have no- 
ticed that heavy dews are frequent near Vernon in summer, and 
that hot winds are infrequent when compared to the Plains 100 
miles south. Dews occur frequently on the next divide south of 
the Vernon Divide, but they seldom occur at Burlington and 
Cheyenne Wells. These facts indicate that it is possible that the 
success of the farmer on the Vernon Divide is due to the influence 
of the sand hills on the climate near them. 


PROBLEMS WHICH CONFRONT THE SETTLER. 


Means of combating insects, especially grasshoppers and potato beetles. 

Garden irrigation. 

Water supply and means of raising water from great depths. 

Forage plants suitable for different localities and methods of produc- 

ing them cheaply. 

5. Destruction of prairie dogs on the public range. 

6. Improvement, or introduction of small grain. (For a small district.) 

7. The stock industry. . 

(a.) Diseases affecting stock on the range and means of prevention 
and cure. SO 

(b.) Methods of handling stock suitable under new conditions. 
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Strawberries. 


A prominent feature of the work of the Horticultural Section 
of the Station has been the testing of new varieties of fruits. Of the 
small fruits grown the strawberry has received a due share of 
attention. Five years ago a report was made (Bulletin 29) covering 
the varieties tested up to that time. Since then many varieties 
have been added to the collection. Some of these possessed merit, 
others were of no value. It is the purpose of the present paper to 
bring together the notes of the last five years, and record the 
estimates of value placed upon the different varieties under trial. 
It should be understood, however, that it is not the intention to 
recommend varieties for general planting. Observations on a 
particular variety continued through successive seasons enables us 
to rate with accuracy its value for this locality, and for the condi- 
tions under which it is grown, but we fully appreciate the fact that 
under different conditions of soil and surroundings its behavior may 
be quite different. Our best varieties may prove unprofitable in 
other localities, and some that are of no value here may take rank 
among the best when grown under different conditions. 

Varieties of strawberries as well as of other fruits are largely 
local in character, and the best for a particular locality must be 
determined by trial in that locality. 

Cultural directions for strawberries were given in Builetin 29, 
but as the edition is exhausted and as inquiries on various cultural 
points are frequently received, it is thought best to again touch 
briefly upon the more important features of strawberry manage- 


ment. 
SOIL. 


The strawberry can be made to grow on a great variety of 
soils, but it is easier to manage and reaches a better development 
on light loams than on heavy clays. A soil improperly drained, 
where water may stand for long periods, is entirely unsuited to this 
as well as to other fruits, and a very heavy clay is to be avoided if 
possible. A sandy loam ot good fertility will produce earlier 
fruits than a heavy soil, it is easier to work, can be worked sooner 
after rains, and is in general more satisfactory. In many places 
along our streams there are broad stretches of bottom lands, sandy 
in texture and rich in humus, which, if well drained, are admirably 
adapted to strawberries. . 

It is best with any soil that it be cropped for one or two 
seasons before planting with strawberries, and preferably with crops 
that demand clean culture. It is of the first importance that the 
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land be free from weeds and in loose, mellow condition. It is not 
good practice to plant on freshly turned sod ; such land should be 
used one season for some hoed crop, which will leave it in good 
condition for strawberries. 

For most soils deep plowing is to be recommended. There is 
an advantage in inducing the plants to root deeply. The deeply 
loosened soil holds more water, and the plants are less liable to 
injury during scarcity of water. 


LOCATION. 


The location for strawberries should be chosen with particular 

reference to irrigation. Land lying nearly level is to be preferred, 
~ but gentle slopes can be utilized by planting on contour lines, or in 
such manner that the furrows for irrigating have only sufficient fall 
to move the water slowly without washing the soil. 

Great care snould be taken to have an even surface. High 
points must be lowered and all depressions filled, so that the furrows 
will nowhere overflow and flood the rows. This can be best 
accomplished by the use of a simple box scraper made of plank. 
Generally it is a good plan to plow deeply in the fall. If the soil 
is heavy and inclined to be lumpy it may be best to harrow at once 
after plowing, but with lighter soils this is not necessary. In the 
spring plow again and harrow until the surface is finely pulverized. 


FERTILIZERS. 


Colorado soils are yet new, they have been cropped for only a 
few years, and the question of fertilizers has not yet demanded much 
attention. 

Locally their need is being felt, and no doubt the time will 
come when the problem of the maintenance of soil fertility will be 
as important here as it is now in the older agricultural districts. 
The intelligent application of fertilizers calls for inquiry into all the 
conditions surrounding, not only the locality, but the particular 
piece of soil to which the application is to be made. It is essential 
to know something of the physical condition. Is it heavy clay, or 
light sand? Is it loam or gravel? Is it level or sloping? Is the 
substratum rock or impervious clay, or is it porous gravel? Is the 
soil deep or shallow? Well drained or inclined to hold the applied 
water? Knowledge on these points is gained by observation and 
examination, and they are all important, because they have a direct 
bearing upon the kind and quantity of fertilizer, and upon the time 
and manner of its application. As supplementary to a knowledge 
of the physical condition of the soil, it would be well to know some- 
thing of its composition as shown by chemical analysis. While I 
do not believe chemical analysis can be taken as an index of the 
producing power of any particular soil, it is valuable in connection 
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with a careful study of physical characters, in leading to the 
intelligent application of needed elements. Chemical values are 
potential, and while an analysis may accurately give the per- 
centages of the various elements present, it can not tell with exact- 
ness what quantity of each essential element is in condition for 
immediate use as plant food. It is hardly possible to analyze the 
complicated processes that are taking place in the soil, converting 
complex inactive compounds into simpler forms ready for use in 
building up plant tissue. These processes are constantly in opera- 
tion ; they are less obvious and less known than many phenomena 
that are given prominence, but they are none the less important 
factors bearing upon the productiveness of soils. 

An examination of several analyses of Colorado soils shows 
that they are rich in all of those elements classed among the 
inexhaustible soil ingredients, and that they also contain good 
percentages of the exhaustible elements which are so necessary to 
plant growth—nitrogen, phosphoric acid, and potash. It may be 
that much of the wealth of plant food shown by these analyses is 
not in an immediately available condition. If this be the case, 
what is the remedy ? I may answer that the remedy may be sought 
in thorough cultivation and in an increase of humus by the addition 
of stable manure or by plowing under a soiling crop. Increase in 
the percentage of humus is important not only for its direct value 
as plant food, but for its influence on the physical condition of the 
soil, and for its action on other soil compounds. It makes clay 
soils less compact and increases the compactness of sandy soils; it 
increases the capillarity of the soil, thus bringing up to the roots 
food-laden water from below; it acts as a sponge to hold water in the 
soil, and it is a storehouse of nitrogen. 

The strawberry is a gross feeder and to reach perfection 
demands a rich soil. I believe any soil intended for this plant will 
be benefited by a liberal application of stable manure, preferably 
that which has been rotted by composting. Our practice has been 
to apply a heavy dressing in the fall. This is plowed under and 
the surface harrowed down. Then water is applied until the ground 
is thoroughly soaked. In the spring we plow again and thoroughly 
pulverize the surface. The soil is then loose and moist at time of 
planting. 

The principal objection to the use of fresh stable manure is 
that it is likely to carry with it many seeds of troublesome weeds. 
These seeds germinate or are in various ways killed during com- 
posting ; then, too, the rotted manure is more readily incorporated 
with the soil and is more quickly available to the plants. 


TIME TO PLANT. 


Ia our practice at the Station we have had the best success 
from spring planting, and believe that in general it will be found 
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best for Colorado conditions. In regions where the rainfall is 
greater and where cloudless days are less common, planting in 
August is practiced successfully by many, but the practice is by no 
means universal, and most growers who plant large areas prefer to 
plant in the spring. oe 

Here there is often trouble in obtaining the desired number of 
well-rooted young plants early enough so that when transplanted 
they may become well established before the end of the growing 
season. The prevailing bright suns during August are trying to 
newly set plants, they are liable to wilt and be severely checked, 
even when care is used to apply water frequently. Stronger plants 
are obtainable in the spring, the ground is then moist and the air 
cool, they are checked but little and make a strong growth from the 
beginning. 

If potted plants are used, the objection to August planting has 
not the same force, but the expense of potting is such that the 
practice is not to be commended, except possibly in a small way for 
the home garden. 


METHODS OF PLANTING. 


Two systems of planting strawberries are in use. The hill 
system, and the matted row system. In hill culture the rows may 
be two and one half or three feet apart, with plants twelve inches in 
the rows. No runners are allowed to form, the plants are kept 
distinct and are encouraged to make the strongest growth possible. 
The fruits produced are large, but the labor involved is considerable 
and the system is only suitable for small areas. The matted row 
system is in almost universal use for commercial plantations 
because the labor is less and the quantity of fruit greater. The 
plants are set from eighteen to twenty four inches apart in rows 
three and one half or four feet apart. To enable the plants to 
become well rooted, it is best to remove all runners until about the 
first of July, after which the runners may be allowed to root until a 
space eighteen inches wide is filled. The ideal matted row should 
have a width of eighteen inches with the plants distributed at about 
equal distances, five or six inches apart. 

Some varieties prodnce runners so freely that it may be neces- 
sary to thin them somewhat to obtain the best results. 

In transplanting, care should be taken that the roots do not 
become dry. It is a good plan to carry the plants in some vessel 
containing water and to distribute only as fast as they can be 
planted. In planting, a spade or dibble may be used. ‘The roots 
should be spread out fan shaped and care taken to plant at the 
right depth. If planted too deep the crowns are liable to rot, and 
if not deep enough the roots will dry out, either being fatal to the 


plant. The earth should be well firmed about the roots and the 
surface left level. 
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IRRIGATION. 


An ample supply of water is essential to success with Straw- 
berries. The plants need it in quantity throughout the season and 
particularly while maturing fruit. No garden plants more quickly 
suffer from lack of water, and none respond more readily when it 
is properly applied. It is our practice to make a shallow furrow 
close to each row of plants as soon as they are planted and run 
water at once, even though the soil be moist. It settles the earth 
about the roots, is an insurance against possible dryness, and gives 
the plants a vigorous start. 

It may happen after an exceptionally open and dry winter 
that the soil in spring is very dry. We may then proceed in one of 
two ways; either irrigate first, and then, as soon as the ground can 
be worked, plow and prepare for planting, or the land may be pre- 
pared first and furrows made in which water can be run as the 
plants are being set. Do not try to set the plants in the furrow, in 
wet soil, but plant on the borders of the furrow and so plan that 
water may soon after reach them. ‘The first plan is the best, but it 
sometimes happens that the ditches are not supplied with water 
early enough. In that case the ground must be made ready and 
the planting delayed until water is available. 

Care should be taken in running water that it be confined to 
the furrows and not allowed to flood the rows. It is better to run 
smal] streams for long periods than to try to hasten matters by 
running too much water. To insure an even, constant flow, we 
make a lateral across the ends of the rows and supply the furrow 
for each row through a short piece of one inch pipe which is 
imbedded in the bank of the lateral. This is safer and easier to 
manage than breaking the bank of the lateral for each furrow, 
especially in soils that are inclined to wash. 

As to frequency of irrigation, no definite rule can be given; it 
must be determined for each particular piece of ground. Some 
soils may require twice as many applications as others. Study the 
condition of the soil and the appearance of the plants, and govern 
the water supply by the indications there found. A thorough irri- 
gation late in the fall, just before the ground freezes, is an excellent 
protection against a possible dry winter. 


TILLAGE. 


Thorough cultivation during the first season can not be too 
strongly urged. It conserves moisture, promotes the growth of 
plants, keeps the weeds down and is in every way beneficial. The 
after success of the plantation depends much upon the care given 
during the first months after planting. Cultivation should be 
continued until October, but after the runners commence forming 
new plants the space cultivated must be narrowed and the hoe used 
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among the plants. Train the runners within the limits of the 
matted row, and when enough plants are formed cut. those that 
encroach upon the space between rows. 

There are differences of opinion regarding spring cultivation of 
an established bed. Some allow the mulch to remain, and hold 
that it is best not to disturb the ground until after fruiting. Others 
remove the mulch and cultivate the spaces until fruit begins to set. 
We find it best to remove the mulch, because it interferes with 
furrowing for irrigation. The spaces are cultivated after each 
irrigation, until near the fruiting season, then furrows are made so 
that water can be applied as needed, and the bed is not further 
disturbed until after the fruit is picked. 


MULCHING. 


Mulching is regarded as an essential tosuccess. It protects the 
plants from the ill effects of freezing and thawing consequent to the 
extreme daily range of temperature common during February and 
March, and it retards blooming, thus diminishing the danger from 
spring frosts. A light cover answers every purpose. Heavy mulch- 
ing is unnecessary, and if too heavy may injure the plants. Hay, 
straw, coarse manure, leaves, and cornstalks have all been used as 
mulches. Marsh or swamp hay, if free from weeds, makes an 
admirable mulch, but often is not obtainable. Wheat straw is 
better than oat straw, because usually threshed cleaner, but with 
either kind it is safer to use old rather than new. If the bed to be 
mulched is exposed to strong winds, it will be necessary to use brush 
or poles to prevent the straw blowing from the plants. Coarse 
manure is usually objectionable as a mulch, because of the weed 
seeds it is likely to contain. 


SELECTION OF VARIETIES. POLLINATION. 


Varieties of strawberries are many, and choice of kinds should 
be made with reference to the proposed disposition of the fruit. If 
for home use or home market, high flavor in connection with size 
and productiveness would govern the choice, but if for shipment to 
distant markets, firmness and long keeping would be of first im- 
portance, and must be given preference over other good qualities. 
No variety has all the desirable qualities equally developed, that is, 
the ideal, all-purpose berry has not yet been produced, and the best 
we can do is to choose the nearest approach to an ideal for our 
specific purpose. 

Choice can not be made from reports upon a particular variety 
for some other locality, but must rest upon actual trial in your own 
locality, because, as we have already remarked, the same variety 
may behave very differently under unlike surroundings. For 
commercial growing it is best to confine the attention to few 
varieties, and be certain before planting largely that these varieties 
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are adapted to your purpose and conditions. A succession to pro- 
long the season may be desirable, but generally it will be found 
that the varieties intermediate in time of ripening prove most 
profitable. It is well enough to try novelties and new introductions 
in a small way, but never invest largely until their merits for your 
locality have been tested. 

Choice must also be governed by blossom characters. Varieties 
are of two classes; those having perfect flowers, or in other words 
bearing both stamens and pistils, and those having pistillate 
flowers, or bearing pistils only. Some of our best varieties come 
under this latter class, and their ability to produce fruit depends 
entirely upon the proximity of other pollen producing varieties. 
Among the varieties bearing perfect flowers there is a wide differ- 
ence as to pollen production ; some have few and weak stamens and 
do not produce enough pollen to perfectly fertilize their own pistils ; 
others have a normal compiement of stamens with well filled 
anthers that have pollen to spare: 

The strawberry is so commonly grown that it may seem un- 
necessary to dwell upon flower characters, but so many mistakes 
arising from inattention to these essentials have come under my 
immediate notice that the remarks upon the subject appear 
warranted. 

If a pistillate variety has been decided upon, the question as to. 
what proportion of the variety to be used as a pollenizer is necessary 
at once arises. On this point there is difference of opinion among 
growers. Some say four rows of the pistillate variety to one of the 
pollen producer, others would plant the two in equal quantity. I 
have found that two rows of the pollenizer alternated with four of 
the pistillate variety gave good results, but it may be as well to use 
them in equal proportions, particularly if both are desirable 
varieties. 

A further point in reference to pollination may be touched 
upon here. Definite experiments upon apples, pears and plums 
have shown that some varieties are either wholly or in part self- 
sterile, that is, the pollen of a particular variety may be incapable 
of acting upon the pistils of that variety, or may act so slowly and 
imperfectly that the variety is unproductive. No definite experi- 
ments have been made upon strawberries, but observation leads to 
the suspicion that some varieties are, at least in some degree, self- 
sterile. If this be true, the obvious remedy is the same as recom- 
mended for the other fruits, namely, to mix varieties, not planting 
very large blocks of a single variety. _ a 

Fertilization in the strawberry is accomplished by insects, 
largely by bees, and if several varieties are near together the pollen 
is sure to be so distributed that the maximum of fruitfulness will 
result. Even if all varieties chosen for planting are strong pollen 
producers, we may infer from experiments upon other plants that 
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there would be advantage in planting in alternate narrow blocks in 
order to facilitate interchange of pollen, for it has been shown that 
some plants, although perfectly self-fertile, derived advantage from 
the use of foreign pollen. 

A further point to be considered in choosing varieties to be 
planted together, is the time of blooming. To be of advantage to 
the pistillate variety, the pollen producer must bloom at the same 
time, and the same would be true if aiming at mutual advantage 
from cross-fertilization between perfect flowered varieties. 


PICKING THE FRUIT. 


If the berries are to be shipped some distance, it is important 
that they be picked at just the right degree of ripeness, not too green 
nor yet fully ripe. This can only be learned by experience. 

The calyx with a short piece of stem should always be left 
attached to the fruit. Growers should watch tbat careless pickers 
pay attention to this point, as it is essential to the keeping quality. 
Berries detached from the calyx should go with the over ripe fruit 
and buttons, and these shoul1 never be mixed with good marketable 
berries, because they take from the value of the whole. Careful 
grading requires extra labor, but it is profitable. The grower who 
attends to it can establish such a reputation for his fruit that it will 
be always in demand, even at advanced prices. It is the common 
fruit that is always over-abundant in the markets. Choice fruit is, 
as a rule, scarce and seldom seen on the market in quantity equal 
to the demand. 

After the fruit is all picked, the spaces between the rows 
should be cultivated and the rows cleared of all weeds by hoeing. 
Cultivation should be continued until October, and water should be 
applied as often as is necessary to promote vigorous growth. Good 
care will induce the formation of fruiting crowns, upon which the 
success Of the next crop depends. 


DURATION OF PLANTATIONS. 


__ In our experience two years is as long as a bed can be main- 
tained with profit. The first year of fruiting will give the largest 
fruit, the second the greatest quantity, then vigor diminishes; the 
rows are too crowded to admit the growth of new plants, weeds 
multiply and are hard to control; for these reasons it is best to plow 
up the bed immediately after the removal of the second crop. A 
new bed should be set each year and an old one plowed up. Fol- 
lowing the plowing of an old bed, the land should be used for one 
season for some other crop, or it is possible to meet good results by 
‘sowing with some soiling crop as soon as plowed, this to be turned 
under in the fall. 

_ Many eastern growers find greatest profit in the practice of 
taking but one crop. The plants are set in August, fruited the next 
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June and then turned under, but here in the west I believe it best 
to take two crops. 


DESCRIPTION OF VARIETIES. 


NY earl TE saa Originated with J. F. Beaver, Montgomery county, 
io. 

The plants are of good size and vigor, forming sufficient runners and young 
plants. The leafstalks are short and stout, the leaflets are medium to large, 
broad, rather thin, coarsely toothed, pale to dark green in color. The bloom is 
not abundant, the flowers are very large, the petals are often over five in num- 
ber, the stamens are large and well formed. 

The berries are large, short, blunt-conie to oblate, scarlet, with glossy sur- 
face, slow in coloring at tips, inferior in quality and yield. 

First bloom 19th to 22d, and the last bloom about the 28th of May. First 
ripe berries about June 19th, and the last picking July 12th. 

With us this is a poor variety. 


Aroma.—bisexual. Originated with E. W. Cruse, Leavenworth, Kansas. 

The variety is a healthy, vigorous grower, of medium habit, setting runners 
very freely. The leaflets are large, broad-oval, closely notched, dark green in 
color. The trusses are medium to long, stout, upright, with but few branches, 
and these produce but scant bloom. The flowers are large, the petals are often 
over six in number, and the stamens are well formed. The calyx is sometimes 
slightly irregular. 

The berries are medium to large, broad-conic, uniform scarlet, with flesh 
usually of the same color but sometimes pink, quality fair, seeds prominent, 
yield and firmness medium 

First bloom May 19th, abundant bloom May 27th. First ripe berries June 
20th, last picking July 7th. . 

The variety is not promising with us, but is reported to be very firm and of 
good quality at the Michigan Station. 


Atlantic.—bisexual. 

This variety is much like Seedling of Downing, a tall, vigorous grower, set- 
ting runners abundantly. The leafstalks are long and slender, the leaflets are 
medium to large, eliptic-oval. New foliage is pale, old foliage dark green, veins 
deeply impressed, trusses medium long, upright, rather slender, many-branched, 
bloom abundant, flowers medium size, petals usually five. 

Berries large, short-conic, light red to scarlet in color but disposed to be 
green in spots, flesh white to light scarlet, seeds light, coloring in advance of the 
flesh and not set in deep pits, quality good, firm. 

Blooms early. In 1896 it was in full bloom on May 12th and one half of the 
blossoms were killed by frost. Normally first bloom May 14th, abundant bloom 
May 23d. First ripe berry June 817th, last picking July 8th 

The variety is unproductive and unworthy of further trial. 


Barton.—pistillate. Originated in Kentucky from seed of Longfellow. 

Plants medium to large, setting young plants freely, foliage ample, leaflets 
broad, deeply and sharply notched, inclined to be light green in color, trusses 
medium long, fairly stout, sometimes decumbent, bloom fairly abundant, flowers 
medium to small, usually with five small, pointed sepals and five nearly round 
petals, stamens none, pistil light green. — ’ 

Berries medium to large, broad-conic Ue an eeute pony scarlet color but 

ft le at tips, seeds prominent, quality and yield good. __ . Ma. 
: oWhrst ilocen May 12-14th, abundant bloom May 20th. First ripe fruits June 
14th, last picking July 17th. et ; ; 

The Oiciety is quite subject to frost injury, but promises to be medium to 
good in value. At the Georgia Station it ranks good in productiveness, medium 
in quality and firmness and poor in vigor. 


Beder Wood.—bisexual. Originated with Mr. Beder Wood, of Moline, Ill., 1887. 


This is an early, vigorous variety, producing plants in abundance. The leaf- 
stalks ne stout and often over six inches in length, the leaflets long-ovate and 
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dark green, trusses medium long, stocky, holding the blossoms as high as the 
foliage, bloom abundant, flowers medium size, regular, calyx rather small, with 
narrow, acute and often reflexed sepals. The stamens are numerous and well 
developed, pistils are pale in color. 

Berries medium to large, uniform, nearly globular to short-oblong, frequently 
with a short neck, symmetrical, scarlet all over, seeds deeply set, flesh light col- 
ored, quality excellent, quite firm. P é 

First bloom usually May 14-16th, abundant bloom May 19th. First ripe 
berry June 11th, full yield June 21st, last picking July 10th. : 

‘Although blooming early, it is but slightly injured by frost. We regard this 
as one of our most valuable varieties, especially desirable as a pollinizer for War- 
field and other pistillates. It ranks well in value at the Kansas, Michigan, Mon- 
tana and New York Stations, but is reported poor in quality, firmness and vigor 
at the Georgia Station. 


Belle of LaCrosse.—bisexual. Originated with M. T. Crawford, Ohio. 


This is a strong and vigorous grower, blooming freely but not setting many 
plants. It is well adapted to hill culture. The plants are large with broad 
crowns, leaflets medium to large, light to medium green, leafstalks medium to 
long, stout, trusses medium long, stout, upright, producing many blossoms and 
berries, flowers small to medium, petals usually five but often with an incom- 
plete and undeveloped inner circle. 

Berries medium size, conic, pointed, light scarlet shaded with crimson, flesh 
scarlet, seeds deeply set in irregular pits, quality good, acid, firm, yield abundant. 

First bloom May 12-17th, abundant bloom May 24th. First ripe berry June 
13-14th, first picking July 1st, good picking July 7th, last picking July 15th. 

This variety is a late bloomer, but little injured by frost and is valuable with 
us. It is regarded valuable at the Michigan Station. 


Bessie.—pistillate. 


Plants medium to large, vigorous, light to dark green in color, foliage healthy, 
leafstalks erect, leaflets medium to large, long-ovate, trusses long, bloom scant, 
flowers medium size, petals five, stamens none. 

Berries small to medium, conic, hull with difficulty, color deep red including 
flesh, firm. 

First bloom the 17th, abundant bloom the 28th of May. Firstripe fruit June 
11th, first picking June 13th, last July 2d. 

An excellent variety in growth and vigor but too unproductive with us to be 


of value. It is reported fairly vigorous, productive and of good quality and firm- 
ness at the Michigan Station. 


Beverly.—bisexual. Originated with Benj. M. Smith, Beverly, Mass. 


This is a second early sort, ripening with Warfield. It is a vigorous grower 
of medium habit, leafiets dark green in color, medium to large, broad, serrations 
deep, acute and usually overlapping, trusses long, upright, bloom abundant, 
flowers medium size, petals five, symmetrical, sometimes with a defective inner 
circle, stamens rather small, numerous and well developed, pistils pale green. 

_ Berries medium size, globular to conic, seeds deeply set, surface rough, 
crimson, a little tardy in coloring at tips, quality good, acid, yield fair to good. 

First bloom 12-18th, abundant bloom 24th of May. First ripe berries June 
15-19th, first picking June 20th, best June 27th, last July 10th. 


Variety of medium value with us and ported f t rei 
Mistionn Stations us and so reported from the Georgia and 


Bisel.— pistillate. 

Plants vigorous, medium in size, leaflets rather small, broad, dark green, 
trusses large, stout, bloom sufficient. 

Berries small, conie with sharp 
ogous, yield only fair. 

irst bloom May 19th, abundant bloom M i i i ruits 

ite, leat picking Suty BA” ay 24th. First ripe fruits June 

So far the variety has done poorly with us. 
from the Montana Station but much less so from 


apex, crimson, tip lighter, core slightly 


It is reported very favorably 
Georgia. 


STRAWBERRIES. ; 13 


Boynton.—pistillate. Originated in N. Y., probably a cross between Crescent 
and Sharpless. 

While ranking as a pistillate it is apparently capable of self fertilization. It 
is a vigorous variety, forms plants abundantly, leafstalks medium to long, 
slender, leaflets medium size, oblong, deeply and sharply toothed, medium to 
dark green, trusses medium to long, ascending, branches short, bloom abundant, 
flowers small to medium, petals usually five, round but sometimes pointed, not 
imbricate, stamens more developed than with most pistillate varieties but still 
rudimentary. 

The berries are much of the Crescent type and character, medium size, short- 
conic, scarlet, flesh light, core somewhat cartilaginous, quality good, acid, flesh 
firm, yield good. ; 

First bloom May 12-15th, full bloom May 20th. First ripe fruit June 10th, 
first picking June 13th, full picking June 26th, last picking July 13th. 

The chief fault of this variety is that the berries become very small towards 
the close of the season. Although inclined to be soft, it is reported very favorably 
from the Kansas and the Minnesota Stations. At the latter Station it does best 
in hill culture. 


Brandywine.—bisexual. Originated in Hastern Pennsylvania. Supposed to be 
a cross between Glendale and Cumberland. 


The plant is of rather low habit, forming young plants abundantly. The 
leafstalks are short and stout, the leaflets large and broad, dark green in color, 
trusses medium length, stout, bloom production medium, anthers numerous, 
large and well formed. 

Berries large, broad-conic, crimson, flesh ditto, slightly cartilaginous. 

First bloom May 18-22d, abundant bloom May 29th. First ripe berry June 
21st, last July 12th. 

This is a variety of but medium value here. It is reported very favorably 
from the Georgia and the Michigan Stations, fairly well from Pennsylvania, but 
very poorly from Montana. 


Bubach (No. 5).—nistillate. Originated with J. G. Bubach, Princeton, Ill. 


The plants are vigorous, leafstalks medium to long, leaflets large, broad, 
coarsely and abundantly toothed, frequently with small interposed serrations, 
dark green, trusses not numerous, medium length, bloom scant, flowers fair size, 
often quite irregular. 

Berries medium to large, conic, flattened at tips, colored well into the flesh 
but not uniformly on the surface, firm, seeds deeply set, quality fair, yield poor. 

First bloom May 19th, abundant 28th. First ripe berry June 15th, last July 
10th. 

The variety is reported poorly from the Georgia Station, but quite favorably 
from the Kansas, Michigan, Montana and Pennsylvania Stations and from 
Sheridan and Lander in Wyoming. 


Capt. Jack.—bisexual. Originated in Missouri with a Samuel Miller. 


The variety is a vigorous grower, producing plants in great abundance. The 
leafstalks are short and stout, the leaflets are medium size, broad-oval, dark 
green, leathery, notches equal and similar, main axes of trusses stout and upright, 
branches long and spreading, bloom abundant and held above the foliage, 
flowers medium size, broadly expanded, petals usually five, round, flat, stamens 
numerous and well developed. 

Berries light crimson, regular conic form, size medium, color uniform, flesh 
lighter, quality fair to good, a good shipper, quite productive. 

: First bloom May 12-17th, abundant bloom May 20th. First ripe berry June 
610th, full picking June 20-27th, last picking July 10th. | 

This is a good early to mid-season variety, but the berries become too small 
later. It is an excellent pollenizer and is reported quite favorably from Kansas 
and Wyoming. 


Carrie.—pistillate. A seedling of Haverland. 

Plants large and vigorous, reproducing sufficiently. The leafstalks are stout, 
leaflets medium to large, dark green, leathery, trusses long, ascending, bloom 
abundant, flowers medium size, stamens large for a pistillate variety. 


\ 
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Berries resemble Haverland but are considerably larger, scarlet, firm, quality 
excellent. ; 

First bloom May 19th, abundant bloom May 20-26th. First ripe fruits June 
90-23d, last July 2d. : 

We consider this variety worthy of further trial. It is reported favorably 
from Michigan and Pennsylvania. 


Cornelia.—bisexual. 

This variety appears to be exactly like Glendale. 

First bloom May 12th, full bloom May 25th. First ripe fruits June 17th, 
first picking June 22nd. ; 

Reported favorably from Michigan and Pennsylvania. 


Crawford.—bisexual. Originated with M. T. Crawford, Ohio. 


The variety lacks vigor, producing but few plants. It has done too poorly 
to be worthy of description or further trial by us. 


Crescent.—pistillate. 


Plants of medium habit, very healthy and hardy, setting runners abundantly. 
The leafstalks are slender, leaflets long, frequently with two series of notches 
of very different size, color dark green, trusses medium length, bloom abundant, 
flowers small to medium, petals five, stamens rudimentary. 

Berries medium size, conic with prolonged point, colored well, quality fair, 
acid, core somewhat cartilaginous, firmness and productiveness good. 

First bloom May 12-16th, abundant bloom May 22d. First ripe berry June 
7-15th, first picking June 15-20th, full picking June 27th, last July 10th. 

The small size of the fruit, especially late in the season, is its chief fault. It 
is reported very vigorous and productive and of good quality and firmness from 
Georgia, Kansas, Michigan, Montana and Wyoming. 


Cumberland.—bisexual. 


Plants large, vigorous, setting young plants in sufficient numbers. The leaf- 
stalks are short and stout, the leaflets broad, roundish, bluntly toothed, medium 
dark green, trusses short to medium, stout, rays slender, bloom sufficient, 
flowers medium size, petals round, stamens well formed. 

Berries large, short-conic to nearly globular, pale red, flesh light, hulls easily 
detached, appearance neat and smooth, quality excellent, rather soft, yield good. 

First bloom May 15th, abundant bloom May 26th. First ripe fruits June 
6-12th, first picking June 814th, full picking June 20-27th, last July 17th. 

The variety is but slightly subject to frost injury. It is reported fair in 
Georgia, good in Kansas and very good at Sheridan, Wyoming. 


Edgar Queen.—ypistillate. 


The plants are large and vigorous with abundant foliage, leafstalks are long 
and stout, leaflets medium to large, broad-ovate, medium shade green, teeth 
deep and sharp, trusses long, upright, stout, bloom very abundant, flowers 
medium size, petals six or more, frequenty the inner petals forming rudimentary 
stamens. 

_ Berries medium to large, globular, scarlet but not uniformly colored, quality 
fair to poor. 

First bloom May 22d, abundant bloom May 29th. First ripe fruits June 
18th, full picking June 27th, last July 12th. 

The variety is a late bloomer but has the fault of light color, the fruit being 
green in spots. Many berries failed to develop. It is reported very favorably 
from Georgia and Michigan but only fairly so from Montana. 


Edwards’ Favorite.—bisexual. Probably a seedling of Jucunda. 


Plants small to medium size, vigorous, producing runners freely. The leaf- 
stalks are short and very strong, leaflets ample, light glossy green, medium size, 
short, broad-ovate, serrations broad and rounded, trusses medium length and 
thickness, upright, bloom abundant, flowers medium to large, petals usually five 
but often more, frequently curled, pollen sufficient, calyx adherent. 

Berries especially beautiful, large, uniform size, short-conic, smooth, bright 
scarlet, seeds light color, flesh firm. 
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First bloom May 10-16th, full bloom May 21st. First ripe berry June 15th, 
full picking June 20-27th, last July 17th. 
_ The variety is an early bloomer. It is reported very favorably, except in 
vigor, from the Michigan Station. 


Enhance.—bisexual. 


Plants medium to large, vigorous, medium to light green, leafstalks long 
slender, erect, leaflets medium size, oval, teeth long and sharp, trusses short to 
medium, bloom abundant, flowers large, petals usually more than five, irregularly 
arranged, stamens well formed. 

Berries medium size, crimson, tips slow in coloring, badly ribbed and irregular, 
sour. firm. 

First bloom May 10-15th, full bloom May 12-23d. First rine berries June 
10-15th, first picking June 15-20th, full picking June 27th, last July 17th. 

The variety is better for hill culture than for growing in matted rows. It is 
of low value with us, although it is a fairly good fertilizer for Bubach. It is re- 
ported very favorably from Georgia and Michigan and fairly so from Montana. 


Eureka.—pistillate. Originated with Geo. Townsend, Soneham, Ohio, 1881. 


Plants small to medium, producing sufficient young plants, leafstalks long 
and fairly strong, leaflets medium size, broad to long-ovate, deeply, sharply and 
irregularly notched and medium to dark green, trusses irregular in length, usu- 
ally long and but little branched, mostly prostrate when loaded with fruit, bloom 
abundant, flowers small to medium, petals five to six, usually more, stamens un- 
developed. 

Berries large, scarlet to crimson, pink fiesh, conic, frequently irregular in 
form and slow in coloring at tips, quality good, acid, firm, yield fair to good. 

First bloom May 18-20th, full bloom May 26th. First ripe berry June 
13-17th, full crop June 27th to July 6th, last picking July 17th. 

The variety islate in blooming and ripening. It is of medium value with 
us. In Southern California it ranks low in bearing and in growth of vine. 


Gandy .—bisexual. 

Plants large and vigorous, do not run freely, best adapted to hill culture. 
Leafstalks very stout, leaflets large, long-ovate, coarsely toothed, medium to dark 
green, trusses long and stout, bloom abundant, flowers large, petals often more 
than five and frequently folded and irregular in appearance, stamens well de- 
veloped, calyx large and reflexed. 

Berries large, irregular, short-conic, frequently with a short neck, color 
bright scarlet, sometimes slow in coloring at tips, flesh hight colored, seeds promi- 
nent, quality fair to good, firm. 

First bloom May 17th, abundant bloom May 26th. First ripe berry June 
18-21st, full picking June 26th to July 7th, last July 15th. 

The variety is late in blooming and ripening and is of but moderate value. 
It is reported most unfavorably from Georgia, moderately favorably from Kansas, 
and very favorably from Michigan, Montana, New York, Pennsylvania and 
Sheridan, Wyoming. 


Glendale.—bisexual. 

Variety of tall habit, light green color, vigorous, produces sufficient young 
plants, leafstalks long, carrying the leaves frequently eight to twelve inches high, 
leaflets eliptical or oblong, finely serrate, trusses very long, bloom abundant, 
flowers medium to large, petals usually five but occasionally numerous, stamens 
fairly numerous and well developed, the first flower of each truss usually more or 
less compound. : F 

First bloom May 19th, abundant bloom May 27th. First ripe fruit June 
20-25th, full picking June 20th to July 6th, last July 17th. 

The variety is like Seedling of Downing. It is of but little value here. The 
Kansas Station reports it very unproductive. 


Greenville.—pistillate. 

Plants large, dark green, vigorous, forming full matted row, leafstalks tall, 
leaflets large, broad, dark green, often streaked with light, sometimes curled 
slightly, coarsely notched, trusses medium long, stout, bloom sufficient, flowers 
small to medium, petals five to six, stamens none. 
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Berries medium to large, broad-conic, symmetrical, crimson, flesh colored, 
quality, firmness and yield good. : 

First bloom May 16th, abundant bloom May 22d. First ripe berry June 
11-13th, first picking June 13-15th, full picking June 20-27th, last July 17th. 

This is one of our best medium to Jate varieties. It is reported unfavorably 
from Georgia, Montana and Southern California Stations, but quite favorably 
from New York and Michigan. 


‘Gold.—pistillate. Originated with P. M. Angar & Sons, Conn., 1880. 


Plants medium size, pale yellowish color, lacking in vigor. Leafstalks 
awedium length, somewhat drooping, leaflets medium size, broad-oval, trusses 
sbort, stout, bloom sufficient, flowers small, petals usually five with occasionally a 
partial inner circle. 

Berries medium to large, short-conic, scarlet, flesh ditto, quality fair to good 

ield poor. 
‘ First bloom May 12th, full bloom May 22d. First ripe berry June 16th, 
first picking June 17th. 

The variety is not a success under our conditions. It is reported quite un- 
favorably from Georgia and Sheridan, Wyoming. 


Gov. Hoard.—bisexual. Originated in Wisconsin, a seedling of Sharpless. 


The plants are large and quite reproductive. The leafstalks are long and 
stout, leaflets large, broad-ovate, medium green, trusses medium length, stout, 
bloom abundant, flowers large, petals usually five, stamens well formed. 

Berries medium size, short-conic with neck, red all over, flesh colored well in, 
only fair in quality, firmness and yield. 

First bloom May 12th, first picking June !7th. 

Subject to frost injury, of no value on our grounds. Reported quite favor- 
ably from the Michigan Station. 


‘Gypsy.—pistillate. 

Plants of low habit, forming a thickly matted row. Leafstalks short and 
stout, leaflets broad, coarsely toothed, dark green in color, trusses short to 
medium, bloom sufficient, flowers small to medium, petals usually five, stamens 
none. 


Berries medium size, short, round-conic, very symmetrical, uniform deep 
‘crimson color, flesh ditto, quality excellent, firm, yield medium. 

First bloom May 16-18th, abundant May 21st, full bloom May 25th. First 
ripe berry June 5-14th, first picking June 11-15th, full picking June 20-27th, last 
July 12th. 

We consider this an excellent variety and worthy of further trial. It is re- 
ported very favorably from Michigan, but at the Kansas Station is said to be a 
complete failure. 


‘Haverland.—pistillate. 


Plants of medium size, healthy and fairly vigorous although somewhat sub- 
ject to leaf-curl. Forms a poor stand in matted row. Leafstalks are medium 
long, leaflets medium to large, rather broad, sharp toothed, medium shade green, 
trusses short to medium, more or less prostrate with twelve to sixteen blooms per 
truss, flowers small, parts arranged in plan of five, stamens none. 

Berries very long with a neck, light scarlet, flesh ditto, quality very good, 
-yield good. 

The trusses are not strong enough to support the fruit. The calyx is some- 
what reflexed. 

_ First bloom May 8th, abundant bloom May 18th, full bloom May 21st. First 
ripe berries June 5th, first picking 8-10th, full picking 27th, last picking July 10th. 

Although the blossoms and leaves are somewhat subject to frost injury we 
regard this as one of our best early varieties. It is reported unfavorably from 
Georgia though quite productive. fairly well from Kansas and Montana, and quite 
favorably from Michigan, New York and Sheridan, Wyoming. 


Hersey.—bisexual. Originated with Samuel Hersey, Hingham. Mass. 
Plants are of large and vigorous habit, reproducing abundantly. The leaf- 
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stalks are short and stout, the leaflets large, elliptical, teeth short and sharp, 
trusses long, bloom sufficient, anthers numerous but often poorly developed. 

Berries large, long-conie with neck, color good, yield poor. 

First bloom May 17-19th, abundant bloom May 28th. First ripe berry June 
20th, best yield June 28th, last July 12th. 

The variety is unworthy of further trial here. It is reported unproductive at 
the New York Station. 


Ironclad.—bisexual. 


Plants are of low habit, vigorous, reproducing fairly well. The leafstalks 
are short and stout, leaflets oval or broad-ovate, glossy dark green color, trusses 
medium length, stout, bloom abundant, flowers small to medium, petals five, 
stamens numerous and well developed. 

Berries small to medium, conic with tips, color dark red, flesh ditto, quality 
good, firm, yield low. 

First bloom May 18th, abundant bloom May 19th. First ripe berry June 
18th, first picking 17th, full picking June 20-27th, last July 12th. 

The variety will be discarded as unworthy. 


Ivanhoe.—bisexual. Originated in Southern Ohio with Geo. W. Trowbridge, of 
Hamilton county. 
Plants thrifty, foliage ample, leathery, dark green, blossoms medium size. 
Berries large, conic, symmetrical, colored well, quality excellent but with a 
slight core. 
First bloom May 21st, abundant bloom May 25th. First ripe berry June 20th. 
This is a promising variety here. It is reported favorably from the Montana 
Station. 


Jay Gould.—pistillate. Originated in Eastern Ohio, 1887. 

The plants are of medium size and color, trusses medium long, bloom scant, 
flowers medium to large, showy, petals five to eight in a single circle. 

Berries small, round-conic, crimson, flesh lighter, much like Gypsy in form, 
color and flavor, but smaller. 

First bloom May 16th, abundant bloom May 24th. First ripe berry June 
14th, last picking July 12th. 

Variety undesirable here. Reported very favorably from the Michigan 
Station but unfavorably from the Montana Station. 


Jessie.—bisexual—pistillate. Originated with Jas. W. Loudon, Janesville, Wis. 

Plants very large and vigorous, producing young plants freely. Leafstalks 
long, leaflets very long, teeth large and irregular, medium green, trusses long and 
stout, bloom abundant. We have two stains of the variety. The flowers are 
large in the perfect-blossomed strain and small in the pistillate. Both strains 
are very productive of large berries, the earliest of which are often flattened and 
slow in coloring at tips. 

Berries light scarlet, flesh lighter, quality good, calyx large, seeds prominent, 

uite firm. 

¥ First bloom 12-14th, abundant bloom May 23-24th. First ripe berry June 
10-12th, last picking July 17th. } 

The development of the pistillate strain is slightly in advance of the stami- 
nate. The chief fault of the variety is the uneven ripening of the first fruits. 
At the Southern California Station it ranks low in production and growth of vine, 
at the Kansas Station very low in production, at the Georgia Station it is 
regarded as a good variety for amateur culture only, and in Wyoming it is not 
very successful, but is reported very favorably from the Michigan Station. 


Jucunda.—bisexual. 

Plants large, medium green, leaflets large and long, trusses long, bloom 
abundant, flowers large, petals usually five but frequently numerous in a single 
circle, stamens well developed. ; Ae 

Berries large, conic, frequently ribbed and irregular, quality fair, acid, yield 
medium. 
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First bloom May 12, full bloom May 22d. First ripe berry June 12th, first 
picking June 13th, last July 16th. 
- The variety was not a success here. 


Jucunda Improved.—bisexual. Originated with A. B, Gerbert, of Hastern 
Pennsylvania. Probably a seedling of Jucunda. 


The variety forms a thick mat of rather small plants, leaflets broad, medium 
green, bloom production fair, flowers large, petals usually six to seven but some- 
times more, stamens well developed. 

Berries a little broader than Jucunda, very large, crimson, surface smooth, 
short-conic, symmetrical, flesh pink, quality good, firm, yield low. 

First bloom May 19th, abundant bloom May 29th. First ripe berry June 
18-20th, full picking June 27th, last picking July 17th. 

The variety rusts badly and is of little value here. It is reported very un- 
favorably from Georgia but quite favorably from Wyoming. 


Jumbo.—bisexual. 


A variety of the Sharpless type. Plants medium to large, medium vigor, 
fairly productive, leafstalks stout, medium to long, leaflets, large and broad-oval, 
deeply and sharply toothed, medium green in color, trusses medium long and 
medium stout with spreading, ascending branches, bloom production medium, 
flowers medium to large, petals usually six to ten, all somewhat curled, stamens 
imbricate and well developed. 

Berries large to very large, oblong or somewhat rectangular, disposed to be 
irregular in form, color bright scarlet but slow in coloring at the tips, flesh nearly 
the same color, core somewhat stringy, quality fair, firmness and production 
medium. 

First bloom May 9-12th, full bloom May 20th. First ripe berry June 15-18th, 
first picking June 19-20th, full picking June 26th, last July 8th. 

This is a variety of strictly medium value here. 


Lady Rusk.—pistillate. 


The plants are large, running freely and making a full matted row. The 
leafstalks are long and stout, leafletsmedium to large, long-ovate, rather unevenly 
toothed, medium to dark green, trusses medium to long, moderately stout, bloom 
production moderate, flowers small to medium, petals normally five, usually with 
undeveloped inner circle of two or three, stamens quite well developed for a 
pistillate variety. 

Berries medium size, short, surface uneven and often more or less ribbed, 
dark crimson, tips slow in ripening, flesh yellowish pink, core soft or cartilaginous, 
quality and yield fair. 

First bloom May 14-18th, abundant bloom May 21-23d. First ripe berry 
June 11-17th, first picking June 17-20th, full picking June 27th, last picking 
July 10th. 

The plants and fruit much resemble the Crescent, although the fruit is more 


irregular inshape. It isa variety of medium value here. It has done fairly 
well in Kansas and Wyoming. 


Lady Thompson.—bisexual. 


_ Plants of medium habit, setting runners freely, large, vigorous, dark green, 
bloom sufficient, flowers large, stamens well formed. 


_ _ Berries fair size, symmetrical, conic, often gemmate or twined, quality fair, 
yield good. 
First bloom May 22d, abundant bl May 25th. First ri 
leet pieldha sued oom May First ripe berry June 19th, 
e variety is only moderately promising. It has done fairly well at the 


Georgia Station, but is pronounced a failure in New York, Ohio and Southern 
California. 


Leader.—bisexual. Originated in Reading, Mass. 
Plants of medium habit and vigor, pr i i i 

, producing young plants in sufficient 

ae ES Leafstalks short, leaflets medium to large, medium green, nearly 

eater , Small serrations frequently occurring between the larger ones, trusses 

medium long, stout, bloom production medium, flowers large and showy, calyx 


STRAWBERRIES. 19 


large, sepals and petals usually exceeding the normal number, stamens numer- 
ous and well developed, pistils ditto. 

_ _ Berries large, broad-conic and symmetrical but quite small after the first few 
pickings, deep scarlet, flesh ditto, seeds prominent, crimson, firm, quality good, 
acid, yield good. 

First bloom May 16, abundant bloom May 2lst. First ripe berry June 
11-16th, first picking June 15-20th, full picking June 27th, last July 10. 

The berries much resemble Warfield in shape and color. The plants have 
not been thoroughly healthy with us and were somewhat injured by frost in 
1896. Reported inferior in production and flavor in Southern California, but 
very favorably except in vigor at the Michigan Station. 


Lida.—pistillate. Originated with Wm. Parry, N. J., from seed of Chester. 


Plants large and vigorous, reproducing freely, leafstalks medium to long, 
stout, leaflets medium size, broad-ovate, dark green, trusses medium to long, 
bloom fairly abundant, flowers medium size, petals five, many stamens fairly 
developed. 

Berries large, short-conic or globular with a smooth surface, uniform light 
scarlet, flesh paler, quality good to excellent, a little soft, yield good. 

First bloom May 10-12th, full bloom May 21-28th. First ripe berry June 
12th, first picking June 13th. 

It is reported low in vigor and production from Kansas and but slightly 
better from the Michigan Station. 


Loudon.—bisexual. 


Plants large but rather low in habit, a good plant producer, leafstalks 
medium long, stout, sharply and unevenly toothed, light green, trusses medium 
to long, stout, bloom sufficient, flowers large, petals usually five but sometimes 
six or more, stamens well formed. 

Berries large, broad-conic, nearly globular, crimson but sometimes not uni- 
formly so, flesh pale, quality fair to good, firm, calyx large and conspicuous. 

First bloom May 10th or earlier, abundant bloom May 12-19th. First ripe 
fruits June 13-17th, full picking June 20-26th, last July 8th. 

Variety of medium value. Reported very unfavorably from Georgia. 


Louisa.—bisexual. Originated with Nicholas Hallock, of New York. Introduced 

by W. A. Burpee, 1888. 

Plants medium to large, reproducing but moderately. lLeafstalks long, 
medium strong, leaflets large, coarsely and often unevenly toothed, new leaves 
thin and light green but darker with age, flowers medium size, petals usually 
five, many blossoms pistillate. 

Berries very large, oblong, with neck, light scarlet, flesh nearly white, seeds 
deeply set, flavor excellent, a little soft. 

First bloom May 19th, abundant bloom May 26th. First ripe berry June 
10-15th, first picking June 15th, full picking June 20th toJuly 7th, last July 
15th. 

A very good variety. Reported low in vigor and productiveness at the 
Kansas Station. 


Lovett.—hbisexual. Originated in Kentucky in 1885. Believed tobe a chance 
seedling of Crescent x Wilson. 


Plants of medium habit, healthy but somewhat subject to leaf curl, quite 
reproductive, leafstalks medium long, stout, leaflets medium size, thiu, broad- 
ovate, sharply and irregularly toothed, medium to dark green, trusses short, 
stout,bloom abundant, flowers medium to large, petals usually five but frequently 
six to eight, stamens medium and well developed, calyx large. } 

Berries medium size, conic to long-conic, crimson, quality good, acid, firm, 
yield medium. 

First bloom May 15-17th, full bloom May 22d. First ripe berry June 10-14th, 
full picking June 20-27th, last pick July 7th. ; 

A variety of medium value here. Reported very unfavorably from Georgia, 
but better from Michigan, Montana and Sheridan, Wyoming. 
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Louella.— bisexual. 
Plants large and vigorous, reproducing abundantly. Leafstalks medium 
long, erect, stout, leaflets large, long-ovate, medium green, trusses long and 
strong, bloom abundant, carried high, flowers large, petals five to six, stamens 
ll developed, pollen very abundant. 
ae Bertie: lates, irregular-conic with Ree red, tips frequently green, flesh 
highly colored, quality good, acid, yield medium. ‘ ‘ 
2 First Bisa May 17th, full bloom May 21-27th. First ripe berry June 11th— 
23d, first picking June 15th, full picking June 27th, last July 15th. 


Manchester.—bisexual. 
Plants of medium habit, dark green, leathery, very like if not identical with 
Cumberland. Leafstalks short and stout, leaflets large, broad to round, serra- 
tions short, blunt and irregular, trusses medium long, bloom fairly abundant, 
flowers medium to large, petals usually five, stamens well developed. ; 
Berries large, broad-conic, symmetrical, surface smooth and _ even, light 
scarlet, flesh light, seeds prominent, quality very good, not firm, yield fairly good. 
First bloom May 10th, full bloom May 25th. First ripe fruit June 11-14th, 
first picking June 20-27th, last picking July 15th. j ; 
The variety is reported very productive at the Kansas Station,but is reported 
quite unfavorably from Georgia and from Sheridan, Wyoming. 


Margaret.—bisexual. Originated with Jno. F. Beaver, Dayton, O., about 1891, 
from seed of Crawford. 

The variety is a vigorous grower of medium habit, reproducing fairly well. 
Leafstalks medium long, stout, leaflets broad, coarsely toothed, leathery, trusses 
medium long, stout, bloom abundant, flowers large, petals five to nine,a good 
pollenizer. 

Berries large, broad-conic, light crimson on exposed surface, scarlet on 
shaded portions, fiesh pink to white, quality good, firm, yield fair. 

First bloom May 13th, abundant bloom May 22d. First ripe fruit June 13th, 
first picking June 20th, full picking June 27th, last July 12th. 

A good variety, deserving of trial. It is reported to be a promising pistillate 
variety at the Pennsylvania Station. 


Marshall.—bisexual. Originated in Mass., introduced to the public in 1893. 


Variety medium to large, vigorous, fairly reproductive. Leafstalks medium 
long, stout, leaflets large, broad, irregularly toothed, medium to light green, 
spotted to some extent, trusses medium to long, stout, bloom scant, flowers large, 
petals five to seven, in one whorl, occasionally some in an inner circle. 

Berries large, broad-conic, crimson, tips often greenish, quality good. 

First bloom May 15th, full bloom May 22nd. First ripe berry June 13th, first 
picking June 30th, last July 12th. 

This is a promising variety, but it probably requires extra culture. It is re- 
ported very favorably from the Georgia and Michigan Stations. 


Michels Early.—bisexual. 


The variety isa very vigorous grower, of medium habit, setting plants and 
bloom profusely. It is an excellent pollenizer. 


Mrs. Cleveland.—pistillate. 


Plants large and vigorous, reproducing abundantly, leafstalks stout, leaflets 
ample, broad, coarsely toothed, light green, trusses medium long, bloom sufficient, 
flowers medium size, petals usually five, stamens none. 

Berries large, round-conic, surface even, light scarlet, flesh light, quality ex- 
cellent, slight core, firmness medium, yield good. 

First bloom May 13th, abundant May 23d. First ripe berry June 13-15th, 
first picking June 16th, full picking June 26th, last July 8th. 


An excellent kitchen variety. It is reported fair at the Ka: caer ane 
the Michigan Station. . nsas and good a 


Monarch.—bisexual. 


The plants are large and vigorous, leafstalks medium to long, leaflets small 
to medium, ovate, deeply notched, light green, trusses medium to long, stout, 
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bloom abundant, flowers medium to large, petals five to eight, imbricate, inner 
ones frequently much like the stamens, stamens medium size, numerous. 

ae large, conic, pale scarlet, inner flesh white, soft, quality good, yield 
good. 

First bloom early, full bloom 1896 May 12th, abundant bloom 1897 May 27th. 
First ripe berry June 8-16th, first picking June 11th, last July 17th. 

While inclined to bloom early, the variety is quite late in bearing, producing 
its full crop the latter part of June. The berries do not ripen evenly. Reported 
poorly from Georgia. 


Ontario.—bisexual. Introduced from Canada by R. Johnston,of New York, 1885. 


The variety is not vigorous nor productive of plants. Leafstalks medium 
long, stout, leaflets medium to large, light green, few in number, texture thin, 
trusses short, stout, drooping, branches long, bloom scant, flowers large, petals 
usually numerous and much folded, stamens well formed, calyx large. 

Berries medium to large, oblong-conic or broader, scarlet, flesh colored, 
quality good, yield medium. 

First bloom May 11th, full bloom May 22d. First ripe berry June 12th, last 
picking July 8th. 

The variety nas not done well. The fruit and foliage are both subject to 
frost injury. Reported fairly well from Georgia, excellent from Michigan, but 
very unproductive from Kansas. 


Parker Earle.—bisexual. Originated 1886 with J. Nimon from seed of Crescent 
x T. V. Munson’s No. 3. 


Plants of medium size and vigor, reproducing abundantly. Foliage abund- 
ant, leafstalks long, erect, leaflets frequently unevenly notched, medium green, 
trusses medium long, stout, many-branched, sometimes as many as twenty per 
truss, bloom abundant, flowers medium size, petals usually five well formed, 
stamens numerous and well developed. 

Berries large, long-conic, neck long, tips truncate, seeds depressed, color 
uniform scarlet, flesh lighter, quality good, firm, yield excellent, calyx reflexed. 

First bloom May 17th, full bloom May 22-24th. First ripe berry June 15-19th, 
first picking June 20th, full picking June 27th, last July 12th. 

This is our very best commercial variety. It is reported favorably from 
Georgia and very favorably from Michigan, rather unfavorably from Montana 
and Wyoming and poorly from Southern California. 


Pearl.—bisexual. Originated in New Jersey. 

Plants of Crescent type but smaller, leafstalks medium long, leaflets small, 
long-ovate, medium green, but slightly injured by frost, trusses short, bloom 
abundant, flowers medium size, petals five, stamens well developed. 

Berries large,conic, symmetrical crimson, flesh ditto, quality good, soft, yield 


ood. 
7 First bloom May 12th, full bloom May 22d. First ripe berry June 10th, first 
picking June 15th, last July 15th. 
Although lying on the ground, these are among our handsomest and best 
berries. Reported to be lacking in vigor and yield in Georgia and Kansas. 


Phillips.—bisexual. A seedling of Sharpless. 

Vigorous until attacked by mildew and spot. Leafstalks medium to long, 
slender, foliage ample, medium to dark green, leaflets medium size, oval, trusses 
shorter than leafstalks, bloom scant, flowers very large, petals usually six toeight, 
pollen abundant for a number of flowers. ; 

Berries large, conic, truncate, badly ribbed, unevenly crimson, quality poor, 

First bloom May 19th, full bloom May 24th. First ripe berry June 20th, last 
June 26th. 

Pot a promising sort. Reported favorably from the Michigan Station and 
from Georgia, when grown with Parker Earle. 


Princess.—pistillate, Originated in Minnesota. 


A low, vigorous grower resembling Pearl, although somewhat earlier and the 
fruit more nearly globular. Plants small to medium, leafstalks short, leaflets 
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medium size, broad, medium to dark green, truss axes short to medium, bloom 
production fair, flowers small to medium, petals not imbricate. ; 

Berries medium size, short-conic to globular, deep crimson, flesh light scarlet, 
seeds deeply set, quality and yield good. ; 

First bloom May 10-14th, full bloom May 19-22d. First ripe berry June 
6-11th, last picking July 8th. ; 

A good early to medium variety. Reported from Georgia as a poor grower 
but a very heavy mid-season cropper, the best on the Station grounds. It is re- 
ported very favorably from Michigan but poorly from Montana. 


Princeton Chief.—pistillate. 

Variety of tall habit, vigorous, reproducing abundantly. Leaflets large, long, 
somewhat tapering toward apex, light green, trusses exceedingly long, somewhat 
overtopping the leaves, bloom very abundant, flowers large, petals five to nine, 
stamens considerably developed. 

Berries large, dark crimson, form irregular, yield good. 

First bloom May 19th, abundant May 24th. First ripe berry June 21st, last 
July 17th. 

This is a very late, promising variety. Reported unfavorably from Montana, 
from Georgia as lacking in form and productiveness, but very favorably from the 
Michigan Station. 


Puritan.—pistillate. 


Plants after the Crescent type but taller and the leaflets more sharply toothed. 
It is a very healthy and vigorous variety, forming plants abundantly, leafstalks 
long and stout, leaflets medium to large, dark green, serrations small, trusses 
medium to long, bloom sufficient, flowers medium size, petals usually fize, 
stamens none. ¥ 

Berries medium size, conic, irregular, surface uneven, crimson, very acid, 
yield good. 

First bloom May 16th, abundant bloom May 28th. First ripe berry June 16th. 
full picking June 26th, last July 8th. 

A late variety, poor to medium in value. 


Rio.— bisexual. 


A variety of Crescent type. Plants low in habit, vigorous, reproducing freely, 
leafstalks short and slender, leaflets small, light to medium green, trusses short 
and upright, bloom sufficient, flowers medium size, petals usually five, stamens 
well formed. 

Berries medium size, broad-conic with somewhat prolonged point, bright 
scarlet, flesh ditto, quality good, acid, core cartilaginous, yield fair. 

First bloom May L6th, abundant bloom May 22d. First ripe berry June 13th, 
last picking July 2d. 

The variety is not desirable under our conditions. Reported unproductive 
at the Georgia Station, but favorably from Michigan. 


Seedling of Downing.—bisexual. 


A very vigorous variety, setting runners and young plants abundantly. 
Plants large, leafstalks long, stout, leaflets large, long and narrow, uniformly 
notched, light green, truss axes long and upright, bloom abundant, flowers small, 
calyx especially small. bowl-shaped, stamens well formed but not numerous. 

Berries medium size, long-conic, scarlet, flesh ditto, seeds deeply set, giving 
the surface a rasp-like appearance, the seeds on the exposed surface becoming 
red while the flesh is still white, quality good, not a good shipper, yield fair. 

First bloom May 12th, abundant bloom May 20th. First ripe berry June 
14-17th, full picking June 20-26th, last picking July 12th. 

Unworthy of trial under our conditions. 


Shuster’s Gem.—pistillate. A cross of Crescent x Sharpless. 


Variety large, thrifty, reproductive, leafstalks long, slender. leafl 

; t Pein ’ ’ ts large 
oval, light green, trusses medium to long, upricht. bl ne nda ; 
Beata Sizes poe ania g, upright, bloom fairly abundant, flowers 


Berries medium size, conic, sy j i 
1 ’ , Symmetrical, clear scarlet, flesh lich i 
good, sweet, lacks firmness, yield good. maa 
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First bloom May 12th, full bloom May 20th. First ripe berry June 10th, 
first picking June 15th, full picking June 20-27th, last July 10th. 
A promising variety, worthy of trial. Reported favorably from Georgia, Kan- 
1 ae and Wyoming, but unfavorably from Montana and Soutuern 
alifornia. 


Splendid.—bisexual. 

A large and vigorous variety, producing a full matted row. Plants large, 
leafstalks medium to long, leaflets large, oval, pointed, dark green, trusses medium 
to long, bloom abundant, flowers medium size, petals five to six. 

Berries large, short-conic, blunt, crimson, flesh pale pink, white toward 
eae tardy in coloring at tip, quality good, core sometimes cartilaginous, yield 
good. 

First bloom May 17th, abundant bloom May 23d. First ripe berry June 17th’ 
first picking June 20th, full picking June 27th, last picking July 12th. 

A promising variety. Reported favorably from Michigan and Montana. 


Stayman’s No. 1.—bisexual. Originated in Southern Ohio. A seedling of War- 
field. 

Plants of medium size and vigor, reproducing fairly well. Leafstalks short 
to medium, leaflets medium size and shape, deeply notched, dark green, truss 
axes long, usually declined, bloom abundant, flowers small with parts arranged 
in order of five, petals smooth, stamens none. 

Berries medium size, sometimes with a short neck, calyx reflexed, fruit conic, 
frequently double or even triple, the individuals being united to the tips, scarlet, 
flesh pink, core frequently cartilaginous, quality fair to good, acid, yield fair. 

First bloom May 13th, abundant bloom May 22d. First ripe berry June 12th, 
first picking June 15th, full picking June 20-26th, last picking July 15th. 

A variety of very moderate value. Reported favorably from Montana and 
Sheridan, Wyoming, but from Georgia as being very unproductive. 


Summit.—pistillate. Originated with M. Crawford, Ohio, as Crawford’s No. 6. 
Plants large, vigorous, reproducing abundantly, leafstalks medium long, 
stout, leaflets medium large, round or broad-ovate, medium shade green, bloom 
sufficient but many barren plants, stamens often well developed. 
Berries large, uniform, short-conic, quality and yield good. 
First bloom May 10-12th. First ripe berry June 5th, first picking June 13th. 
A desirable berry for home use. From Kansas reported to be extremely un- 
productive. 


Tennessee Prolific.—hbisexual. Seedling of Crescent x Sharpless. 


Plants of medium habit, vigorous, reproducing abundantly. Leafstalks 
slender, leaflets medium long, unequally serrated, trusses medium long, mostly 
declined, bloom abundant, flowers large, petals five to six, anthers usually well 
formed, but the flowers sometimes partially pistillate. 

Berries small to medium, irregular, color crimson to scarlet, flesh colored, 
core sometimes cartilaginous. 

First bloom May 17th, abundant bloom May 22d. First ripe fruits June 5th, 
last picking July 12th. ; 

The value of the variety israther uncertain. Reported rather favorably from 
Michigan, but as being of little value at the Montana Station. 


Thompson.—bisexual. 

Plants of medium size, vigorous, reproductive, leafstalks long and slender, ° 
leaflets small to medium, long, teeth sharp, medium to dark green, trusses short 
and stout, branches long, bloom abundant, flowers medium size, petals often 
over five, stamens well formed. : 

Berries large, uniform, conic, pointed, occasionally with neck, bright scarlet, 
seeds light colored and prominent, quality excellent, mild acid, firm, yield excel- 
lent. 
_ First bloom May 9th, full bloom May 20th. First ripe berry June 5th, first 
picking June 15-20th, last picking July 8th. : 

This is our best early variety. With Haverland in seasen. 
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Timbrell.—pistillate. Originated with H. S. Timbrell, of New York. 


The variety is large, coarse and vigorous, but it does not set young plants 
freely. Leafstalks long and strong, leaflets broad-ovate, foliage strong, medium 
green, trusses short and stout, bloom abundant on individual plants, flowers 
medium size, petals five, stamens usually none but often well formed. : 

Berries medium to large, short-conic to globular, deep crimson with paler 
spots, quality good to excellent, firm. : ; 

First bloom May 17th, abundant bloom May 24th. First ripe berry June 16th, 
first picking June 18th, full picking June 27th, last July 17th. Sith 

The variety has not succeeded well. It isreported fairly well from Michigan, 
but as being very unproductive in Montana and Georgia. 


Tippecanoe.—bisexual. Originated from seed brought from France. 


A variety of medium habit, producing plants abundantly, leafstalks medium 
long, stout, leaflets medium to large, broad-ovate with rounded teeth, color dark 
green, trusses medium long, bloom sufficient, flowers large, petals usually five to 
eight in a single series, stamens usually well formed but sometimes undeveloped. 

Berries large, regular globular form, scarlet, sometimes a little slow in color- 
ing at tips, flesh yellowish pink, calyx large, quality and yield good. 

First bloom May 15th, abundant bloom May 24th. First ripe berry June 12- 
16th, first picking June 15-19th, full picking June 26th, last July 15th. 

A mid-season variety. It is one of our best large berries. 


Van Deman.—bisexual. Originated with a Mr. Bauer. 


Plants medium size, dark, glossy green, sets young plants abundantly, leaf- 
stalks medium long, leaflets medium size, long-ovate, trusses short, stout, much 
branched, bloom abundaat, flowers medium size, petals five, stamens numerous 
and well developed. 

Berries medium size, conic, uniform deep red, flesh ditto, seeds prominent, 
quality good, yield poor. 

First bloom May 12th. First ripe berry June 11th, first picking June 15th. 

The variety is somewhat subject to frost injury. It is reported rather un- 


productive from Kansas, Michigan and Montana, but of excellent quality and 
firmness. ; 


Warfield.—pistillate. Originated with B. C. Warfield in Southern Illinois, 1883. 
Probably a seedling of Crescent. 


Plants medium size, vigorous and healthy, very reproductive, leafstalks long, 
slender, leaflets medium-oval but sometimes narrower, sharply toothed, medium 
to dark green, trusses medium long, stout, bloom abundant, flowers small, parts 
ppuelly arranged in order of five, stamens rudimentary, pistils a peculiar yellow 
color. 

Berries large, uniform, symmetrical, conic, with a sharp tip and sometimes a 
short neck, deep crimson, flesh ditto, quality good, acid, firm. 

First bloom May 13th, abundant bloom May 19th. First ripe berry June 
5-12th, first picking June 11th, full picking June 26th, last picking July 18th. 

This is our best pistillate variety. It ranks next to Parker Karle as a com-. 
mercial berry. Beder Wood is probably its best pollenizer. 

The variety is not valuable at the Georgia Station, but it ranks high in the 
reports from Kansas, Michigan, Montana and Wyoming. 


Westlawn.—bisexual. 


Plants of tall habit, large and healthy, setting young plants abundantly. 
Leaflets larze and broad, coarsely toothed, light pi trusses long, slender, a 
right, bloom sufficient, flowers medium size, petals frequently six, stamens none. 
_ Berries medium to large, uniform, broad- conic, tip long, irregular and slow 
in coloring, color deep scarlet, flesh light, seeds deeply set, calyx large, parting 
easily from fruit, quality only fair, acid, firm, yield fair. 

First bloom May 12th, abundant bloom May 22d. First ripe fruit June 12- 
14th, full picking June 26th, last picking July 8th. 

A fair mid-season variety. Unworthy of trial. 
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Wilson’s Albany. —bisexual. 


- Plants small to medium, reproducing poorly, leafstalks medium long, stout, 
leaflets large, broad-ovate, medium dark green, trusses medium long, stout, 
bloom sufficient, flowers medium size, stamens well developed. 

Berries sm all to medium, conic, crimson, flesh ditto, quality fair, acid, yield 
fair to good. 

First blcom May 12th, blossoms but slightly subject to frost injury. 

An undesirable variety. Reported unproductive at the Montana Station. 


Woolverton.—bisexual. Originated with Jno. Little, of Canada. 


Variety a robust grower but not easily established on heavy soils. Leaf- 
stalks medium to long, stout, leaflets ample, deeply toothed, flexible, long-oval, 
medium green, trusses long, stout, upright, flowers large, petals six to seven, 
many flowers with some petals imperfectly formed, stamens normal, calyx con- 
spicuous. 

Berries large, conic, sometimes flat at tip, deep crimson all over and well to 
centre, seeds prominent, firm, yield and ‘quality good. 

First bloom May 16th, abundant bloom May 25th. First ripe berry June 8- 
12th, first picking June 15th, full picking June 20-24th, last July 5th. 

good variety in many places Reported quite favorably from Michigan 
but as being quite unproductive from Georgia. 


Yale.—bisexual. Originated as a chance seedling in New Haven, Conn. 


Plant of Warfield type but more robust, large and vigorous, leafstalks long, 
stout, leaflets long, broad, coarsely notched, dark green, trusses long, stout, up- 
right, much branched, bloom abundant, flowers small, petals imbricate, round, 
stamens usually well formed but sometimes quite rudimentary. 

Berries large, conic with prolonged tip, scarlet, flesh ditto, seeds light colored, 
quality fair, soft, yieid poor. 

First bloom May 14th, abundant bloom May 22d. First ripe berry June 15th, 
full picking June 20-25th, last July 10th. 

A mid-season variety of medium value. Reported from the Georgia Station 
as very unproductive. 
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Supplementary List of Vaneties. 


Since the publication of our last strawberry bulletin (No. 29, 
1894), the following varieties, not found in the preceding list, have 
been introduced to the Station grounds. Of this number a few have 
failed to become established. The others will be reported upon as 
soon as sufficient trial has been given them : 


Anna Kennedy, Berlin, Bismark, 

Bouncer, Brunette, Champion of England, 
Clarence, Clark Early, Clyde, 

Cyclone, Cobden Queen, Darling, 

Downing’s Bride, Earliest, Eleanor, 

Enormous, Erie, Equinox, 

Gardner, Giant, Glen Mary, 

Great Pacific, Gros Lombard, Halls, 

Hattield, H. W. Beecher, Howell, 7 
Hunn, Ideal, Improved Parker Earle, 
Jersey Market, Klondyke, Laxton, 

Leo, McKinley, Magoon, 

Manwell, Mary, Michigan, 

Murray X Early, Nick Ohmer, Noble, 

Ocean City, Oriole, Patrick, 

Pet, Plow City, Premium, 

Pride of Cumberland, Ridgeway, Ruby, 

Seaford, Sharpless, Sparta, 

Staples, Sunnyside, Tubbs, 

Vories, Wild’s No. 8, Wild’s No. 35. 
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FOUNDATION IN COMB BUILDING. 


By CLARENCE P. GILLETTE. 


Honey bees collect liquid sweets from all available sources, 
chiefly in the form of nectar from flowers, and when the product 
has been elaborated in the honey-stomach and afterwards stored in 
comb, we call it honey. 

The material from which the comb is built is not collected as 
wax, but is formed within the body and secreted in the form of thin 
scales between the abdominal segments on the under side. 

As the wax is elaborated within the body, the bee must be 
supplied with food ovt of which to form it and, according to ex- 
periments reported on another page, it requires about one pound 
of wax for every twenty-five pounds of honey stored in comb. 
The food required for the secretion of wax is, for the most part, 
honey; and as it requires several pounds of corn to produce one 
pound of beef or butter, so it doubtless requires several pounds of 
honey as food for worker Vees to enable them to produce one pound 
of wax. 

But the consumption of honey for wax production does not 
represent the total cost of the wax to the colony. The bees that 
secrete it are called off from the field force, so that the income of 
the colony is lessened. In a state of nature this wax production 
entails no heavy drain upon the the colony, as the comb, once built, 
lasts for years; but where comb honey is being produced for the mar- 
ket, it hecomes.a matter of economic importance to know to what 
extent and in what form wax can best be furnished bees for their 
use in comb building. 

So far as we know at present, there is but one general way to 
furnish the wax for this use, and that is in some form of artificial 
comb foundation. But their are many types of this foundation. Is 
it better to have the base or midrib only—the “no wall” foundation? 
or is it better to have the cell walls outlined for the bees? If the 
latter, should we have these walls short orlong? In either case, is 
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it better to put most of the wax in the midrib or the cell walls? 
When it is determined how the wax is best proportioned between 
the midrib and cell walls, what weight of foundation 1s best ? 

The experiments here reported were undertaken for the purpose 
of casting some light upon these and related problems and, it is 
believed, with some good results. It is not to be expected that all 
these questions are fully settled in this paper. 


DO BEES USE WAX FROM ARTIFICIAL FOUNDATIONS TO EXTEND THE 
CELL WALLS AND THE COMB MIDRIB? 


The common belief that wax is so used was graphically proven 
by the following experiment: 

A few sheets of thin foundation that was made black by the 
addition of lamp black to the melted wax were prepared for me by 
Mr. C. B. Elliott, of Denver. This foundation was used in sections 
which were placed in supers for comb honey. In some sections 
starters one inch wide were used, while in others were placed full 
sheets. The bees accepted this black foundation as readily as any 
and built comb upon it. A photograph of comb built upon this 
foundation is shown in Plate 1. Ata@is a section containing a 
starter one inch wide that the bees had worked but little. At b are 
two cross sections of comb built upon such a starter. The white 
cross-lines show where the lower edges of the starters came, and the 
dark color shows to what extent the foundation was used in ex- 
tending the comb. At ¢ is a section of drawn comb built upon a 
short starter as shown ata. The white line marks the lower maxzgin 
of the foundation, and the dark color in the comb shows to what 
extent the foundation was used in building down the comb. At d is 
shown comb built on a large piece of the black foundation. The 
cell walls are deep black at the bottom and gradually fade until the 
top or outer end of the wall is reached, where the dark color hardly 
shows. This could only come about by the bees using other wax, 
probably directly from their bodies, which was mixed with the wax 
of the foundation. 

These experiments prove so conclusively that bees do use wax 


from foundations to extend both cell walls and midrib, that we are 
now ready to ask: . 


IS THE WAX OF THE MIDRIB OF THE FOUNDATION USED IN COMB 


BUILDING, AND, IF SO, WILL IT BE CUT DOWN TO THE THINNESS 
OF THE MIDRIB IN NATURAL COMB ? 


To determine these points we shall have to compare the thick- 
ness of the artificial foundation with the thickness of the comb 


midrib built upon the foundation, and the latter with the midrib of 
comb built entirely by the bees. 
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Table Showing the Weight, in Grains per Square Inch, of Different 
Kinds of Artificial Foundation, and of the Midrids 
of Comb Built wpon Each. 


Medium 1898 ae t 1809 || ¢ 
Very Heavy Thin Super]! Extra Thin ¥ iS 
’ che. Brood Deep-Cell 2 P Deep-Cell || 52 
Foundation HOanGaGON, Foundation® || Foundation|) Foundation Boandation gs 
' AS) 
8 Sg Se Sa 8 | Ss Sa | § Se 8 oa 8 on a8 
Be | So | S85 |8° || 8/28) 2° | £8) 8° || £5 | 2 || 2s | se || 2s 
Be | 2 | SE | 58 ll Ss | ES | Se | BE | ES ll Be | Be Ss | ee] 8 
As Ss Bsias iis ifs es ais | Se ais | Se | as Seo aS 
e SO FE /Sot Silas (soy flee | Pleo Seo & 
H.12. | 10.10 |, 8.80 | 6.87 |) 5.55 | 2.55 | 4.10 |) 4.20 | 3.70 |) 3.64 | 3.12 |) 5.12 | 3.74 || 3.20 
L. 10 7.00 || 8.10 | 3.50 || 5.388 | 2.40 | 3.00 |] 4.00 | 2.40 |] 3.53 | 2.75 || 4.44 | 2.88 || 1.65 
Ave, 11. 8.00 || 8.40 | 5.18 || 5.46 | 2.50 | 3.44 |] 4.07 | 3.00 || 3.60 | 2.95 || 4.50 | 3.22 |! 2.10 
Heavier | | 
Than 5.90 —— | 3.08 || ——]| .40 | 1.84 || —— 90 || —— 85 || —— | 1.12 || — 
Natural 
Midrib. | 


The accompanying table gives, in the upper line, the heaviest 
weights found ; in the second line the lightest weights; and in the 
third line the average weights, computed from a good number of ex- 
amples in each case. The excess in weight above that of the mid- 
rib of natural worker comb is given in the bottom line. 

The differences in weight between these foundations and the 
midribs of comb built upon them do not represent the weight 
of the wax reinoved from the midrib of the foundation by the bees, 
as the foundation has short cell walls which are also thinned. 
These may be seen by looking at illustrations of sections of founda- 
tion in Plates 2 and 4. It wili be seen by the table that none of the 
comb built on foundation has a midrib ar light as that of the nat- 
ural worker comb, though, in some cases, the midribs of comb on 
thin and extra thin super foundations and on the “1899” deep-cell 
foundation are but little heavier than those of natural comb. 


It will also be noticed that, while the midrib of the “1898” 
deep-cell foundation itself was but little heavier than that of natural 
worker comb, the comb built upon this foundation had a midriv 
much heavier than that of the natural. The reason for this 
will be given directly. The table also shows that the heavier the 
midrib of the foundation, the heavier will be the midrib of the 
comb upon the foundation. This would be a general rule that 


might have exceptions. 


* This foundation was obtained for experiment in 1898, when it was compara- 
tively a new product, so I have called it 1898” deep-cell foundation to distinguish 
it from the foundation mentioned below. 

+ Samples of this foundation were first received in 1899, and I have designated 
it the “1899” deep-cell foundation to distinguish it from the preceding. 
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The above table shows that the very heavy foundation gave a 
comb midrib weighing 5.90 grains more to the square inch than the 
midrib of natural comb. Medium brood foundation gave a midrib 
3.08 grains heavier to the square inch, or almost two and one-half 
times the weight of natural midrib. The lightest midribs were ob- 
tained by the use of extra thin and thin super foundations, aver- 
aging but .85 to .90 grains to the square inch more than natural 
midrib. 

The use of the “1898” deep-cell foundation manufactured by 
Mr. E. B. Weed gave rather surprising results. The midrib from 
the foundation, before it had been worked over by the bees, averaged 
but .40 grains to the square inch more than the natural midrib, 
while the midrib of comb built on this foundation weighed 1.34 
grains more. The midrib of this foundation was not uniform in 
thickness, in some places being thinner and in others thicker than 
in natural comb, as shown in Plate 4, Fig.d. Where the midrib 
was thick there was little or no thinning by the bees, but where it 
was very thin they reinforced the weak places by “plastering” on a 
quantity of wax. These thickened places are plainly shown at n, 
Fig. c, and at f of the plate just mentioned; and at b of Plate 1, and 
account forthe increased weight of the comb midrib. Fig. f, just 
mentioned, is from one of the worst samples I have seen. Natural 
midrib is shown at e. 


The difference in weight between the heavier artificial founda- 
tions and the midribs of the comb built upon them is too great to 
result from the thinning of the short cell walls alone, and can only 
be accounted for on the supposition that the bees do remove wax 
from the midribs of these foundations. The examination under a 
microscope of any heavy foundation that the bees have just begun 
to work will show the marks of their mandibles in the wax. At 
first the wax is left very rough, as shown in Plate 1, Fig. g, consider- 
ably magnified. At his shown the smooth bottoms of the finished 


cells on the same foundation, which was medium brood‘in both 
cases. 


To be convinced that heavy foundations have their midribs 
thinned, but not thiuned to correspond with the midribs of natural 
comb, the reader has only to look at the figures in Plate 2. At a is 
shown asection of heavy foundation, and at 6 and g are shown mid- 
ribs of comb built on this foundation. The lower third of 
6 is a midrib of natural comb built on the foundation. Atc and 
the lower end of d are shown sections of the medium brood founda- 
tion, while the upper portion of d and all of e show to what extent 
the midrib of this foundation was thinned. Notice also in this con- 
nection, that the full thinning of both foundation and cell walls is 
accomplished while the walls are yet quite short. 


The fact that foundations are thinned was also shown by actual 
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measurements. A large number of *plaster casts of comb on differ- 
ent foundations and of the foundations themselves were made, and 
then cut in different directions as shown in Plates 2 and 5. This 
made it possible to cut the wax of the different cells so that the 
thickness could be measured. A large number of measurements 
were made and tabulated, but the variations are so great in thick- 
ness of both midribs and cell walls in all kinds of comb that I have 
thought it not worth while to include the table here, but will state 
the general results. 

y~ The common range in thickness of the midrib in naturally 
built worker comb was found to be between .08 and .16 millimeters.t 
In drone comb the common range was between .12 and .20 milli- 
meters. None of the midribs of comb built on artificial foundations 
averaged as thin as the natural midrib in worker comb. In some 
cases those from thin and extra thin super foundations, and the 
“1899” deep-cell foundation approximated it closely. Where the 
midrib of a foundation is not thicker than about .17 millimeters, 
the bees seem not to thin much if any, though they go over the sur- 
face with their mandibles and scrape it so that it loses its tranpar- 
ency. 

It was also noticed that the midrib of any comb was thicker near 
its attachment, at the top, sides or bottom, than at some distance 
from these attachments. Illustrations of this may be seen in Plates 
2and 3. Fig.c of the latter plate shows a cut through the comb 
of a pound section made from side to side. 

The heavier midrib and cell walls in drone comb are necessary 
to give it the same strength as worker comb, because the larger the 
cells the fewer the number, and the smaller the amount of wax re- 
quired to build them toa given thickness. 

Sections of natural worker comb are shown at 6,¢, and e, and the 
lower halves of a and g of Plate 3. Drone comb is shown in the 
lower part of 7 in Plate 2,and in f of Plate 3. 

The midrib of comb built on “1898” deep-cell foundation 
was very irregular in thickness, for the reasons already given, and 
averaged about the same as drone comb. See Plate 4, Figs. cand f. 
Medium brood foundation also gave wide variations in the amount 
of thinning. 

At Plate 2, d and e, are two of the best thinned samples I have 
seen, though little drawn. At f, Plate 5, is a sample of fully drawn 
comb on this foundation which has the midrib thinned but little. 

At f, Plate 2, is shown a section of super foundation obtained 
from Mr. Elliott, of Denver, and at h is a section through comb on 


* T got this idea from Mr. E. R. Roat, Editor of “Gleanings in Bee Culture.” 


+ I have not found any samples of natural comb with as heavy cell walls as 
those shown on page 69 of “A, B, C of Bee Culture,” Figs. 1 and 2. 


t Reduce millimeters to inches by dividing by 25. 
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this foundation. The midrib averages about 17 millimeters in 
thickness, or fully as heavy as the midrib in drone comb. The 
upper half of 7 in this plate is also on this foundation, and the mid- 
rib is rather heavier than the midrib of the drone comb which the 
bees built, shown in the lower half of the figure. 

At j of Plate 2 is shown‘a section of thin, and at/ of the extra 
thin super foundations. The two differ chiefly in that the former 
has rather heavy cell walls, while the extra thin has almost no 
walls. At & is a section showing partially drawn comb on the thin 
super foundation, and at g, Plate 5, is a sample of fully drawn comb 
on the extra thin foundation. It will be noticed that the midribs 
of the comb samples built on these foundations are in most cases 
nearly, if not quite, as thick as in the foundations themselves. Ata 
of Plate 3 is a section through comb, the upper two-fifths of which 
was built upon the thin super foundation and the lower three-fifths 
is natural. The midrib of the foundation seems not to have been 
thinned at all, and contrasts plainly with the midrib of the portion 
that was built entirely by the bees, and also with the midribs of 
figures b and c of the same plate, both of which represent natural 
comb. 

At g of Plate 4 is shown a section of the beautiful “1899” deep- 
cell foundation, as I have termed it, that is manufactured by Mr. 
E. B. Weed. At h of the same plate is shown comb slightly worked 
on this foundation, and at a of Plate 5 is shown fully drawn comb 
on the same. Here again it will be noticed that the midrib is 
scarcely if at all thinned, and is as heavy as that of drone comb. 

The evidence thus obtained by measuring the thickness of the 
midribs of foundations and of the comb built upon them bears out 
the results obtained by weighing, namely, that heavy foundations 
have their midribs thinned some, usually much, by the bees when 
they build comb upon them ; but these are not thinned, in any case, 
to the lightness of natural worker comb. If the midrib is not 
thicker than .17 millimeters—.068 of an inch—the bees thin it little 
if any ; if the midrib is much thinner than the normal, the bees are 


likely to thicken it by the addition of wax, making it much heavier 
than in natural comb. 


DOES THE USE OF ARTIFICIAL FOUNDATIONS RESULT IN THICKER 
CELL WALLS IN THE COMB? 


It is evident that a slight thickening of the cell walls increases 
the weight of the comb more than the same thickening of the mid- 
rib. *Cheshire estimated that the area of the cell walls of worker 
comb one inch thick is fuily ten times that of the midrib upon 
which they are built. If this be true (and the difference in area is 


* “Bees and Bee-keeping,” Vol. II., page 213. 
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greater when the comb is more than an inch thick), then the thick- 
ening otf the cell wall by .01 of a millimeter increases the weight of 
comb one inch thick as much as thickening the midrib 10 of a 
millimeter. 

The thickness of the cell walls is much less than that of the 
midrib. In natural worker comb [have found it varying between 
045 and .07 of a millimeter, with an average of not more than .06 
of a millimeter (.0024 of an inch). It has been thought by some 
that, though the bees may leave a heavy midrib in comb built on 
foundation, they will thin the cell walls down to the thickness in 
natural comb. 

Although the cell walls of a large number of sections of comb 
have been measured under the camera of a compound microscope, 
it is difficult to give these in tabulated form, as there is so much 
irregularity in thickness. The heaviest part, except the extreme 
outer end, is close to the base of the cell, and the thinnest is beyond 
the middle of its length. Where comb on heavy foundations was 
studied, the bases of the cells were found to have distinctly 
thickened walls for some distance out, and this thickening was often 
quite irregular, as may be seen at o in Figures g, h, and 7 of Plate 2, 
and Figure 6 of Plate 4. 

None of the foundations used in the experiment gave as deli- 
cately thin cell walls as are found in natural worker comb, except 
the thin and extra thin super foundations and, possibly, the rather 
shallow deep-cell foundation put out in 1899, which was placed 
upon the market by the A. I. Root Co., and which is being sold 
quite largely this year. I was not able in many cases to detect by 
measuremeits that the cell walls on these foundations exceeded the 
average thickness in natural comb. The difference, if any, is very 
slight. Figure g in Plate 4 shows the thickness of the cell walls of 
this foundation in cross section, and at b of Plate 5 is shown a sec- 
tion of the walls parallel to the midrib and quite close toit. Figure 
a of Plate 5 is a section of fully drawn comb on this foundation, and 
it will be seen that the cell walls have nearly, or quite, the delicacy 
of those in natural comb. 

The “1898” deep-cell foundation with considerably longer cell 
walls, as shown at d of Plate 4, was not nearly so well worked ac- 
cording to my measurements. This may be due to the fact that 
the walls are so high that the bees cannot reach to the bottom with 
their mandibles to take hold of them and pinch them to the natural 
thinness. They can only thin the lower portion of the walls by 
scraping them. Asarule, I have found the lower portion of the 
cell walls of comb on this foundation as thick as those built on the 
very heavy foundations, while in some cases they have been thinned 
very nearly to the delicacy of the walls in natural comb. A good 
illustration of the latter case is shown at the upper half of a of 
Plate 4, but even this sample compared with natural worker comb 
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shows a difference in favor of the latter which is hardly noticeable 
in the photographic reproduction. On the other hand, the illustra- 
tions of sections of cell walls on this foundation shown at d, Plate 3, 
and atc and f, Plate 4, show plainly the abnormal thickness of the 
inner third or half of the cell walls as compared with the walls in 
natural comb shown in 0, c, and e of Plate 3. In fact, a close in- 
spection will show that in many cases the walls of the comb cells 
seem not to be thinner than the walls in the cells of the foundation 
before the bees have touched them. In all cases, with this founda- 
tion, I have found the walls of the comb cells thicker than in 
natural worker comb. At i, Plate 5, is shown a portion of Figure 
d, Piate 3, somewhat magnified. Notice the thickness of the cell 
walls in their basal portion. 


The cell walls in Figure h and the upper half of 2 of Plate 2, 
and the upper third of g in Plate 3, were built on the foundation 
shown at f of Plate 2. The foundation, it will be seen, is almost 
without walls, yet the bases, at least, of the cell walls in the comb 
can be seen by the unaided eye to be sensibly thicker than in the 
natural comb samples. j 


It seems, then, that keeping the wax out of the cell walls does 
not entirely remedy the tendency to build heavier bases to the cell 
walls when plenty of wax is at hand. I do not have a test, how- 
ever, on strictly “no-wall” foundation, but cannot think the case 
would be different than in the use of this foundation with such 
slight walls. j 


The medium brood and the very heavy foundations also gave 
cell walls decidedly thicker than those found in natural comb. 
Examples of cell walls on medium brood foundation are shown at d 
of Plate 2, and at f of Plate 5. In the two first mentioned figures 
the walls are made thinner than in the long drawn cells of the last 
named example. All are heavier than in natural comb. 


At g of Plate 2 and 0 of Plate 4 are shown examples of comb 
on the very heavy foundation. In both cases the greater thickness 
of the walls is very plainly seen. In the first mentioned figure the 
heavy walls extend, plainly, the entire length of the cells. Compare 
with sections of natural comb cells in Plate 3. 


These studies indicate that it isa mistake to make very deep 
cells in artificial foundation, unless their walls can be brought down 
to the thinness of the naturally built cell walls—which is probably 
impossible—otherwise, the bees will leave them thicker than in the 
natural comb. The only cell walls that were brought, practically, 
to the thinness of the natural comb were those built on foundations 
with a light base and with little wax in the cell walls. The deep 


cells may be of advantage in other wa s. but 3 : : 
) t 
comb for section honey. 5 ys, but not in getting a light 


APIARY EXPERIMENTS. rE 


COMPARATIVE WEIGHTS OF NATURAL COMB AND COMB ON ARTIFI- 
CIAL FOUNDATIONS. 


There is a third method of studying the effect of foundations 
upon the resulting comb which, to my mind, gives the most con- 
vincing evidence. By this method pieces of natural comb and 
comb on different kinds of foundation were cut into blocks of known 
area and carefully weighed. Then the cell walls were removed 
from the midribs and the weight of these two portions determined 
separately. Then the weights of the midribs and cell walls of 
natural comb were compared with the corresponding parts of comb 
built on artificial foundations, and the midribs of the latter with 
their corresponding foundation midribs. In this way I was able to 
determine whether the cell walls or the midribs of comb on arti- 
ficial foundations were as light as in the natural comb. 


Table Giving Weights, in Grains to the Square Inch, of Whole Comb and 
of the Midribs and Cell Walls of the Comb,in Each Case Separate. 


: . - - Sq.ft of Comb 
° : Thickness Weight of Weight of Weight of 
Kind of Foundation. of Comb. Comb. Midrib. Geligya | One nes 
Natural Worker Comb...... 1.37 13.00 2.20 10.80 3.74 
= a Oe Se 1.35 12.90 2.50 10.40 3.76 
“ “ See tne 1.33 12.20 2.20 10.00 3.99 
“ . ae 1.25 12.80 2.30 10.50 3.80 
se “ SO sears 1.25 10.90 2.20 8.70 4.46 
“ “s Lie a 1.20 9.50 2.00 7.50 5 12 
a “e Bae 1.18 9.60 2.15 7.45 5.09 
“ “ Cee oe 1 15 9.55 1.80 7.15 5.09 
Cs “ ee 1.13 9.55 2.33 7.22 5.06 
cs ‘“ Sheet 3 1.00 10.00 2.50 7.50 4 86 
ss co Soe ee -90 9.00 2.00 7.00 5.40 
ss “ eae ee .90 7.60 1.80 5.80 6.40 
“ “ Cr eee 80 7.00 1.80 5.20 6.94 
“ “s ee ce 15 6.60 1 90 4.70 7.87 
“ “ SL ayaaas .66 6.40 1.75 4.65 7.60 
aD roneme sc onasne. 93 10.75 3.55 7.20 4.52 
“ " Oi eer 90 11.25 3.50 1.75 4,32 
“ “ ce ee .88 9.90 2.80 7.10 Ae 
bin Te eae 1.25 11.90 2.75 AE ‘ 
Sane eRe 1522 10.61 2.33 8.28 4.58 
” “ Are ihr 73 7.15 3.12 4.03 6.80 
“ “ Sta nee e 60 7.15 3.07 pa La) 
i r(A ee Ga 1.25 13.00 2 40 5 i 
Eup Deper tly ea ie 1.25 11.50 2.60 8.90 4.23 
“s ose COREE ers 1.20 11.50 3.00 3.50 4.23 
“ RAC Oe eed aes 1.00 10.20 2.80 7 40 4.77 
ey ase Ou ABE 5 8 125 5.80 2.70 3.10 8 88 
“ CeEa(B)he oteaennee: .90 11.50 4.00 7.50 4.23 
‘ ” “ Likes hears ps 9.40 3.30 6.10 5.1 
“ te a ai weer Wi) 9.35 2.90 6 45 5.20 
“ “ “ Ce eae tate af) 9.10 2.70 aH eG 
Ces 1.46 16.80 3.60 ay 2, 
SUD Ih cae roe 16.63 3.70 12.93 2.92 
CS Ce Cn Lae 1.13 14.90 3.30 11.60 3.26 
Coo ON CO a ae 5B 10.25 3.40 6.85 4.74 
cert 6 ead 50 10.00 4.00 yee ; _ 
wo CON ae 1.50 14.50 2.83 i ; 
pea Tis See 1.31 13.33 3.33 10.00 3.65 
Stee ests 26 Coe ante OTE 11.51 3.74 1.77 4.23 
es ae es 31 6.00 3.00 ay eae 
i “ 80 19.50 6.87 2.68 : 
CE aera a 130 19.12 6.12 13.00 2.54 
“ “ UP ea dpe 1.06 16.50 6.23 10.26 2,95 
“ “ Le hae 1.00 16.50 5.50 11.00 2.95 
‘ “ co eens ti 12.00 5.35 6.65 4.05 
“ ” CRN 1 13.00 5.20 7.80 3.74 
“6 ‘ Cid ee .88 7.50 5.50 ree eS 
Serra Aes es ; 
OE ieee eee 18.38 00 10:38 265 


* This line is an average of pieces composing 15 square inches of comb. 
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In the preceding table all the weights obtained from the 
pieces of comb are given. 

The first fifteen examples in the table are of worker comb as 
built by the bees in the natural way. The three following are 
naturally built drone comb. 

The extra thin foundation weighed but 3.60 grains to the 
square inch, or 13.50 square feet to the pound, and had very slight 
cell walls. It is shown at / of Plate 2 in cross section. 

The foundation listed as “Thin Super (A)” weighed almost 
exactly four grains to the square inch, or a trifle more than twelve 
square feet to the pound, and was rather firm in texture. It is 
shown in cross section at j of Plate 2. 

That listed as ‘Thin Super (B)” was of the same weight as the 
preceding, but of softer texture and had more wax in the mid- 
rib and less, almost none, in the short walls. It is shown in cross 
section at f, Plate 2. 

The “1898” deep-cell foundation is the kind shown at d of 
Plate 4. It ran about 5.46 grains to the square inch, or approxi- 
mately, nine square feet to the pound. 

The “1899” deep-cell foundation is that shown in Figure g of 
Plate 4, and it weighed 5.10 grains to the square inch or 9.53 
square feet to the pound. 

The medium brood foundation weighed 8.40 grains to the 
square inch, or 5.80 square feet to the pound. It is shown at c of 
Plate 2. 

The very heavy foundation averaged 11 grains to the: square 
inch, or 4.42 square feet to the pound, and is shown at a, Plate 2. 

The thickness of the comb samples in each case is given in the 
second column in the table, and is stated in inches and hundredths. 
_ . Thethird column gives the weights in grains to the square 
inch of the samples used, and is the sum of the weights in columns 
four and five, which give the weights of the midribs and the cell 
walls respectively. 

The column at the right gives the number of square feet of 
each sample of comb that would be required to weigh one pound. 

Each sample was of whole comb, i. ¢., comb drawn to a greater 
oe thickness but not capped, so that the cells were complete as 

uilt. 

It would have been better, or at least easier, to compare sam- 
ples of comb of the same thickness; but comb varies so much in 
this respect that it was found impossible to do so with the samples 
a joie ae the experimental apiary, and the evidence desired seems 
Baa airly ample in the data obtained and given in the preceding 

First, I will call attention to the fact that the three samples 
of drone comb, varying between .88 and .93 of an inch in thickness, 
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are considerably heavier than samples of natural worker comb of 
approximately the same thickness. 

The sample of comb 1.25 inches thick on extra thin super 
foundation is but .10 of a grain heavier than the average of the two 
samples of natural comb of the same thickness. The sample 1.22 
inches thick is fully as light in proportion to its thickness. The 
two thinner comb samples on this foundation do not compare quite 
as favorably with the natural. 

The thickest sample of natural comb measured 1.37 inches, and 
weighed 13 grains to the squareinch. No sample on artificial foun- 
dation as thick weighed so little, while one sample 1.25 inches thick 
on thin super foundation (A) weighed the same. All samples over 
-(5 of an inch thick on medium brood and very heavy foundations 
weighed from about one-fourth to two-thirds heavier, or from 16.50 
to 19.50 grains to the square inch. The sample 1.13 inches thick 
on deep-cell: foundation put out in 1898 exceeds in weight the 
thickest sample of natural comb by 1.9 grains to the square inch. 

The samples of natural comb 1.34 and 1.33 of an inch thick are 
also exceeded in weight by the same thinner samples of comb on 
artificial foundations just mentioned. 


The heavier sample of natural comb measuring 1.25 inches 
thick is exceeded in lightness by one sample of comb on thin super 
foundation of the same thickness, while the other sample of the 
latter is heavier than the natural. 

Tne two thickest samples of comb on “1898” deep-cell founda- 
tion average one-seventeenth thicker than the thickest sample of 
natural comb, but their weights average more than one-fourth 
heavier than those of the latter. Their comparsion with the next 
two samples of worker comb would be still less favorable to the foun- 
dation. 

The sample of natural comb measuring 1.13 inches thick seems 
not.to be unusually light, as the sample 1.15 thick weighed no 
more; the one that was 1.18 thick hardly exceeded it, and the one 
1.20 thick weighed even less. Comparing this comb with the sam- 
ple of the same thickness on the “1898” deep-cell foundation, we find 
the latter is heavier than the former by more than one-half the 
weight of the natural comb. In other words, it is heavier than the 
natural comb by almost exactly the weight of the deep-cell founda- 
tion. The twosamples ot comb on this foundation that are .60 and 
.56 of an inch thick respectively are as heavy or heavier than any 
of the samples of natural worker comb measuring from 1.20 inches 
in thickness down. 

The “1899” deep-cell foundation produced a comb much nearer 
the natural in lightness. Comparing the sample 1.50 inches thick with 
the natural sample 1.37 thick, we see there is but 1.50 grains differ- 
ence in weight, which would be fully accounted for by the greater 
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thickness of the comb in the case of the latter. Comparing with the 
two thickest samples of comb on the “1898” deep-cell foundation, 
either of which is thinner than the “1899” sample, we notice that 
the latter is, nevertheless, considerably lighter in weight. 

If we compare the sample of comb 1.31 inches thick on the 
“1899” deep-cell foundation with the samples of natural comb 
measuring 1.33 and 1.35 inches respectively, we find a good mar- 
gin of difference in favor of the natural samples, although they are 
somewhat thicker than the example on foundation. 

These comparisions bring us again to the conclusion that, of 
the samples of foundation that we have studied, the thin and extra 
thin super, and the “1899” deep-cell foundations, are far the best for 
the production of a comb to compare in quality and lightness with 
natural comb. 

* Now, if we examine columns four and five we shall see that 
the increased weights of the examples of comb on artificial founda- 
tions were due more to the extra wax in the cell walls than to the 
increased amount of wax in the midribs in cases of the heavy foun- 
dations, but not in cases of the thin and extra thin super, or “1899” 
deep-cell foundations. I will call attention to a few examples and 
the reader may compare others. 

Beginning with the heaviest foundations first, it will be seen 

that the comb cells in the sample one inch thick weighed 11.50 
grains, against 7.50 grains in the case of the natural comb of the 
same thickness. In case of comb one inch thick on medium brood 
foundation, the cells weighed 11.00 grains to the square inch. 
__ Take the samples of the same kinds of comb that are .75 of an 
inch in thickness and the weights of cell walls are, for natural comb, 
4.70 grains; for comb on medium brood foundation, 6.65 grains; 
and for comb on very heavy foundation, 7.80 grains. It will also 
be noticed that the two samples of comb on “ 1898” deep-cell founda- 
tion that were less than .75 of an inch thick had cell walls that 
were considerably heavier than the natural comb that was of that 
thickness. 

If we combine the two samples of medium brood comb, one 
measuring 1.30 and the other 1.20 inches thick, we shall have an 
average of a sample 1.25 inches thick, the cells of which weigh 12.81 
grains to the square inch. Comparing this with the weights of the 
cells of the natural comb samples of the same thickness, we find 
it exceeds the heavier by 2.31 grains, and is almost one and one-half 


* In “ A, B, C of Bee Culture,” p. 67, Mr. E. B. Weed is repor i 
sent “That in ordinary foundations upon the market, US: are ae 
ne Sa (midrib) and not enough in the wall; that whenever the base is 
u : er than the bees make it they will rarely take the trouble to thin it down: 

ut, no matter how thick the wall, they will invariably thin it down to the thick- 


ness of the natural.” Both these stat i 
Pe etihccrpencontets nen R need to be much modified, accord- 
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times the weight of the lighter. It even exceeds the weight of the 
thickest of the natural comb samples by 2.01 grains. 

If we take the comb cells on “1898” deep-cell foundation that 
measured 1.13 of an inch thick and compare their weight with the 
sample of like thickness of natural comb, we see that the cells of the 
latter are lighter by 4.38 grains. In fact the cell walls of this sam- 
ple of deep-cell foundation exceed in weight any of those of the 
seven thicker samples of natural comb. 


The comb samples on the “1899” deep-cell foundation had cell 
walls that compare very favorably with the natural comb in lightness. 
The comb 1.31 inches thick on this foundation had cells that weighed 
exactly the same as cells of natural comb that was 1.33 inches 
thick, and the cells from the sample 1.50 inches thick did not weigh 
more than wouid be expected for natural comb. The sample of 
comb .75 of an inch thick on this foundation does not compare so 
favorably in weight of its cells. , 

If we pass to the comb on thin super foundations we again find 
very satisfactory comparisons. The cells from comb 1 inch thick 
and from comb 1.20 inches thick weighed only a trifle more from 
the foundation than from natural comb. The same is true of the 
average of the two samplesin each case that were 1.25 inches thick. 
The differences being so slight, go to show that there is practically 
no difference in the weight of cell walls of natural comb and comb 
of the same thickness on the thin super foundation. 


The samples of comb on extra thin foundation compare equally 
well with natural comb in the lightness of their cell walls, as may 
be seen by the table. 

By comparing the weights of the comb midribs given in col- 
umn four, it will be seen that the lightest midribs from comb on 
foundation are not quite as heavy as the heaviest midribs in natural 
worker comb, but in every case they are heavier than the average 
weight (2.10 grains to the square inch) of the midrib of natural 
comb. 

With this additional evidence, it seems impossible to avoid the 
conclusion that heavy foundations result in combs heavier than 
the natural, and that the increased weight is due both to thicker 
midribs and héavier cell walls, but much more to the latter than to 
the former in cases where heavy foundations are employed, even 
though much wax is left unused in the midrib. 


The experiments show that to get a light comb, approaching 
that which the bees naturally build, there must not be a large 
amount of wax in either the midrib or cell walls of the foundation. 


The evidence is also quite conclusive that if the cell walls are 
very high, as in the “1898” deep-cell foundation, they will not 
often be well thinned in the building of the comb. 
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TO WHAT EXTENT DOES THE FOUNDATION LESSEN THE SECRETION OF 
WAX BY THE BEES? 


Let us begin with the comb built on the heavier foundations 
and compare with the naturally built worker comb, to determine 
the effect on wax secretion. 

Natural worker comb 1 inch thick weighed 10.00 grains to the 
square inch. The very heavy foundation alone weighed 11.00 
grains, or 1 grain more than is necessary to build the comb to that 
thickness. But when comb was built on this thick foundation, it 
weighed 18.50 grains, so that the bees added 7.50 grains to the 
square inch to the foundation that itself contained more wax than 
was necessary to build the comb. As natural comb weighs but 
10.00 grains to the square inch, the bees lacked but 2.50 grains of 
furnishing as much wax as they would have done if they had 
built the comb without the foundation. *It is seen that 11.00 
grains of wax were furnished the bees in order to save them the 
expense in food and labor of producing 2.50 grains. 

In case of the medium brood foundation weighing 8.40 grains 
to the square inch, the result was similar. The bees needed to add 
but 1.60 grains to this to build the comb one inch thick, but they 
did add 8.10 grains, making a comb weighing 16.50 grains to the 
square inch. As the amount added in this case is only 1.90 grains 
less than the weight of the natural comb of the same thickness, it 
cost the whole weight of the foundation, or 8.40 grains, to save the 
bees from secreting 1.90 grains of wax. 

As another illustration with this same foundation, take the 
samples drawn to .75 of an inch. The average weight would be 
12.50 grains. This is 5.90 grains more than the weight of samples 
of natural comb drawn to the same thickness, and 4.10 grains more 
than the weight of the foundation alone, notwithstanding the fact 
that the foundation as given the bees contained 1.80 grains to the 
square inch more wax than was necessary to build natural comb to 
that thickness. In other words, the bees were furnished more wax 
than was necessary to build the comb three-quarters of an inch 
thick, and yet they added to this amount more than nine-tenths as 
much wax as they would have used to build the comb without 
foundation. 

__ _Passirg now to the Weed deep-cell foundation manufactured 
in 1898, we tind results fully as surprising. If we compare the sam- 
ple measuring 1.13 inches thick with natural comb of the same 
thickness, we find that the latter is lighter by 5.35 grains. As the 
foundation itself weighed only 5.46 grains to the square inch, the 
indication is that the bees used as much wax from their own secret- 


* Cheshire says “Bees very rarely work more than half their cell walls out of 
even the stoutest sheets given them.”—Bees and Bee Culture, V.II., p. 216, 
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ing within .11 of a grain, as they would have done if no foundation 
had been given. 

The samples of comb .56 and .60 of an inch thick on this 
foundation contain enough wax to make a natural comb one inch 
thick, and nearly half of the weight was added by the bees. 

Reliable results are not so readily obtained in the study of comb 
samples on the light foundations, as the amount of wax in them is 
small and the natural variation in comb samples is considerable. 

The thickest sample on the thin super foundation (B) was 
only .90 of an inch. ‘To get as near an average weight of the nat- 
ural comb as possible for comparison, let us combine the two ex- 
amples that measure .90 of an inch each with those measuring re- 
spectively 1.00 and .80 of an inch. The average would be 8.40 
grains to the square inch. The difference between this and the 
sample on this foundation is 3.10 grains. As the foundation 
itself weighed 4.00 grains to the square inch, the indication in this 
case is that the saving to the bees was the difference between these 
weights, or .90 of a grain to a square inch, or about 23 per cent. of 
the amount of wax given. 

Far better results were obtained in the use of thin super foun- 
dation (A), the average weight of which was 4.07 grains to the 
square inch. 

Comparing comb 1 inch thick on this foundation with natural 
comb of the same thickness, we find, in case of one of the samples in 
the table, there is but .20 of a grain difference in favor of the latter. 
This means that this foundation lessened the amount of wax that 
the bees secreted, by 95 per cent. of its own weight. 

The above may have been rather an exceptional piece on the 
thin foundation. If we compare the sample that measured 1.20 
inches in thickness with a similar sample of natural comb, we find 
a difference of 2 grains to the square inch. As the foundation was 
almost exactly twice this weight, it indicates that the bees were re- 
lieved from secreting an amount of wax equal to half the weight 
of foundation given. 

It is important to notice that to build the comb on this foun- 
dation to the thickness of 1.20 inches, the bees added the difference 
between 11.50 and 4.07 grains to the square inch, which would be 
7.43 grains, and this is actually less than they added in cases where 
they built comb to a thickness of only one inch on the very heavy 
and the medium brood foundations, and to a thickness of 1.13 inches 
on the deep-cell foundation, though in any one of these last three 
cases they were furnished more wax to start with. 

Again, if we take the average of the two samples of comb on this 
thin foundation that were 1.25 inches thick and compare it with an 
average of the two samples of natural comb of the same thickness, 
we find that the latter is .40 of a grain lighter to the square inch 
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than the former. This would indicate that 90 per cent. of the foun- 
dation was utilized by the bees in making a comb but slightly heavier 
than the natural. We also find that the bees actually added less 
to this foundation in order to draw it out to 1.25 inches in thickness 
than in cases where they built comb to a thickness of an inch on 
the heavy and medium brood foundations. Further experiments 
are needed bearing upon this point. 

If we compare the comb built on the “1899” deep-cell founda- 
tion and the extra thin super foundation with the natural comb, we 
find results nearly, or quite as good as the preceding. For exam- 
ples, the comb 1.31 inches thick on the deep-cell foundation was but 
1.13 grains heavier than the natural sample 1.33 inches thick, and 
the sample on this foundation that was 1.50 thick exceeded the 
weight of natural comb 1.37 inches thick by only 1.50 grains. 

In case of the comb on extra thin foundation, the sample that 
was 1.22 inches thick weighed but 1.11 grains to the square inch 
more than the natural sample that measured 1.20 inches thick ; and 
the sample on this foundation 1.25 inches thick is almost exactly 
an average of the two pieces of natural comb of the same thickness. 

It seems, then, from all the evidence furnished by the forty- 
nine’samples of comb listed in the preceding table, that we do not 
lessen the wax secretion of the bees much, if any, more when we 
furnish them a heavy foundation than when we furnish them a 
very light foundation. 

These differences between the heavy and light: foundations for 
comb building seem quite remarkable, and in a large series of 
samples might not result so much in favor of the light foundations ; 
but the samples recorded in the table were taken without any at- 
tempt or thought of favoring one form or weight over another. 

The writer believes it is a matter of much importance to bee- 
keepers to produce comb honey with as small an amount of wax as 
possible. They will, in this way, increase the consumption of their 
product, as many people object to comb honey because of the large 
amount of wax they often find in it. 


METHODS OF USING FOUNDATION IN SECTIONS. 


It is necessary to use some foundation in sections for comb 
honey. The best size and form of the piece of foundation to be 
used as a “starter” is not universally agreed upon, some preferring 
one form and some another. 4 

The different methods of applying these starters,shown in 
Figures a to g of Plate VI., have been tested in the College Apiary 
for the past three years. a 

There was no appreciable difference in the comb. produced by 
using starters in the manners shown by Figures a, c.and.d«. The 
only advantage in the long, narrow piece, shown at e, was that it had 
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a tendency to secure the building of worker comb throughout. It 
has one disadvantage, and that is its large size and short line of at- . 
tachment, so that if it is not well secured at the top the bees are 
liable to cluster upon it and pull it loose. The long, narrow piece 
placed across the top of the section, Figure f, has given rather bet- 
ter results than any of the preceding, as the bees usually attach it 
quickly at the ends, thus closing the top corners. I have also used ’ 
many starters like the preceding, but extending about half way 
down. Figures h, i and j represent comb on such starters. It will 
be noticed there are no holes in the upper corner or sides. At n is 
a section of comb built on a full-sized starter, as shown at g. It 
will be noticed that the comb cells are all uniform in size and the 
comb evenly filled out. Such comb when filled and capped, is 
handsome in appearance, like the samples shown at s, and brings 
the highest market price. In my experiments the sheets that ex- 
tended half way down gave as good results as those that filled the 
section. The use of small pieces of foundation in the lower corners, 
as shown at Figure c, gave no beneficial results. 

The use of short strips of foundation in the middle of the bot- 
tom of the section, as shown at 0, has resulted in somewhat better 
attached combs at the bottom of the section, especially during a 
slow honey flow. 

Figures k, 1 and m show how comb is usually extended from a 
small piece of foundation, leaving, very often, holes in both upper cor- 
ners. If the honey is coming in slowly and the colony is not very 
strong, the sections are liable to be finished like the two shown at o 
and p of the same plate. Not only are these sections light in weight 
and slow to sell, but they will not ship well, for the jar of handling 
will break many from their attachments in the sections. I have 
found, however, that such sections of honey are due much more to a 
weak condition of the colony and a poor honey flow than to the man- 
ner of using foundation. Under such conditions even large pieces of 
foundation are often gnawed away, as shown at Figures q and r. 
When the colony is strong and the honey flow good, small pieces 
of foundation, like the one shown at a, will often produce just as 
finely filled sections as can be obtained from full-sized pieces with 
strips below. Moral: Keep the colonies strong. 

Comb built upon foundation is always tougher and more waxy 
than the natural comb, and a cross-section will show that the mid- 
rib and bases of the cells are darker in color. So that while the 
large pieces of foundation result in a somewhat tiner appearing 
capped honey, the small starters will result in a more delicate and 


brittle comb. 
ADVANTAGES FROM THE USE OF SEPARATORS. 


Most producers of comb honey recognize the advantage in the 
use of thin strips of wood or tin between the rows of sections in the 
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supers. Without them the comb is sure to be uneven in a large 
proportion of the sections, and in many cases it will be bulged SO as 
to make it very difficult to pack the sections in a crate tor ship- 
ment. Illustrations of such sections are shown at h of Plate 5. 
These sections also vary much in weight, some weighing consider- 
ably more than a pound, while others weigh as much less. They 
are not as attractive nor as easily handled upon the market as those 
that are built with flat faces that do not project beyond the edges of 
the section, and that are all uniform in weight and appearance, as 
shown at s of Plate 6. I have used the tin and board separators 
in about equal numbers and have been unabie to see that one has 
any special advantage over the other. 

I have also used separators upon one side and upon both sides 
of the sections. While very good sections of honey are obtained by 
the use of separators upon one side only, the results have been 
enough better when used upon both sides to make the latter plan 
advisable. In my experiments the sections that had no separators 
averaged one-half ounce more in weight than those with separators 
on one side only, and the latter weighed one-half ounce more than 
the sections that had separators on both sides. As these lighter, 
better appearing sections sell better than the heavier, ill appearing 
ones, there is a double advantage in their production. 


PROPORTION OF WAX IN COMB HONEY. 


Beeswax does not melt at the temperature of the body and is 
indigestible in the human stomach. Although this does not neces- 
sarily imply that beeswax is harmful in food, it becomes a matter 
of some interest to know how much wax is taken with ordinary 
comb honey when the latter is eaten. It is also a matter of interest 
to know how much wax the bees are compelled to secrete for every 
pound of honey that they store iu the natural way. : 

As a thick comb has but one midrib, and as the walls of the 
cells are heavier near the midrib than they are towards their outer 
portions, it is evident that comb one and one-half inches thick 
would not be half heavier than comb one inch thick. The increased 
weight of the thicker comb would be due entirely to the additional 
wax required to extend the walis of the cells one-half inch, and to 
that only. On the other hand, it is equally evident that the honey 
filling a comb one and one-half inches thick would weigh half more 
than honey filling a comb one inch thick. Consequently the 
weight of wax in thick combs is less in proportion than in thin 


ue The weights given in the following table shows this to be 
e: . 
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Table Giving the Proportionate Weights of Honey and Wax in Capped 
Comb Honey. 


a Mo. 4 

2 |a./ 2 |de| 3 

ao | 38 | sc] af Bs 

KINDS OF COMB. SE at elPeeoh ed Oo ca 

se) go | oe | ea oe 

= Sue oo ieee id 2a 

| Z a len Bo as 
INGat ese tts tie enred sth cles 9.8 08s Sica, eclosion ee ol cr 308.45 | 297.95 | 10.50 | 1 to 28.38 
CSTE te Ce CTO 48 Daten aey ee eat a 1.13 174.00 | 167.71 6 29 | 1 to 26.66 
Ne tk a OP RE ee etek TE aro oe Se ATpS 75.00 71.14 3.86 | 1 to 18.43 
Ory NEAGLE Sta eGR acess cso. Gas. cae wake Heae Ga cane toe eee 374.00 | 356.76 | 17.24 | 1 to 20.70 
s sf Bee PRR SSR otiayg Sicha a ae ra ERNE AS hove 351.00 | 334.40 | 16.60 | 1 to 20.02 
Ar wy Sats Hotes = x nasa eyaletevate citer). Mice oeeevae ans 346.00 | 330.40 | 15.60 | 1 to 21.12 
ay = SMe Saini. dizierapUde tials acne) amt rig teemrin seer aad 344.20 | 328.50 | 15.70 | 1 to 20.92 
Ss te 9 eps 2 eee oe ACA CERNE RIAE CSS Aor eee 244,00 | 328.19 | 15.81 | 1 to 20.76 
he Pine ons Ae SRAM Enna rs catia Bete 312.80 | 298.00 | 14.80 | 1 to 20.13 
a os Oa nics «En aail kn Aiea eRe SE RAS e sooth 287.00 | 273.20 | 18.80 | 1 to 19.80 
On Pull Prece?99 Deep-Cell Starter, .n. s.ceee. ono one 444.00 | 525.08 | 18.92 | 1 to 27.75 
On Pot! Pivee 93 Deep-Cell. Starter: ..02...0 202 0--+ Ray 4.4.60 | 384.00 | 20.00 | 1 to 19.70 


In case of natural comb honey 1.37 inches thick the honey 
weighed 28.38 times as much as the wax, while the sample .75 of 
an inch thick, which was built at the same time as the thicker 
comb and by the side of it, had only 18.43 times as much honey as 
wax. The intermediate sample (1.13 inches thick) had 26.66 times 
as much honey as wax. 

All other comb samples in this table were taken from sections 
measuring 4}x4}+ inches and 1? inches thick. The combs were 
built on small top starters, except in case of the last two examples, 
one of which was built upon a full-piece ot the “1899” deep-cell 
foundation and the other upon a similar sheet of “1898” deep-cell 
foundation. The thickness of the comb was not taken in these sec- 
tions, but it did not vary much from one and one-fourth inches in 
any case. 

The comb in the sections with small starters did not vary 
much from one-twentieth of the weight of honey in any case, and 
the proportion of wax was somewhat greater than in the samples of 
natural comb of similar thickness. 

Passing to the sample of comb on the “1899” deep-cell founda- 
tion, we notice, first, that it is much heavier than any of the preced- 
ing, and hence much thicker, and in consequence It has a much 
higher ratio of honey to wax, 1 to 27.75. This is also in keeping 
with results announced on previous pages, indicating that this 
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foundation is drawn out by bees into a comb approximating the 
lightness of the natural product. 

In contrast to this last example, but also in harmony with 
results given on preceding pages, notice that the “1898” deep-cell 
foundation gave a comb heavier than the preceding, though the 
honey weighed less by more than one-fourth. The proportion of 
wax to honey was greater in this case than in any of the others, 
except that of natural comb only .75 of an inch thick. It should 
have given a larger proportion of honey than any of the samples 
built on small starters, as the comb in the latter was thinner in 
every case. 

From the facts given in the above table, it is evident that if we 
are to secure a comb honey with the least possible amount of wax, 
it will be necessary to have it built in sections that will secure the 
greatest thickness of comb. In this way we can also economize 
very considerably the labor and energy of the bee in wax secretion 
and comb building. 

Attention might also be called to the fact that it takes more 
wax and more work for the bees to cap ten pounds of honey in thin 
comb than in thick comb. 

The reader will not understand that I am advocating the use 
of deep sections; there may be other reasons why they are not pre- 
ferable; I am only mentioning points which, according to my 
experiments, favor thin sections. 


SUBSTITUTES*FOR POLLEN. 


It.is a well known fact among bee-keepers that bees can be 
stimulated to early brood rearing in spring by putting out some 
kind of finely ground meal or flour, which they take as a substitute 
for pollen. Writers vary in their opinions as to what is the best, 
but it is commonly recommended to use rye, oats, or pea meal. 
Common wheat flour, wheat middlings, corn meal, barley meal, and 
malt all have their advocates. It was thought best to put out at 
one time a good number of these substitutes for the purpose of 
determining which would be given the preference by the bees. To 
do this a number of boards were laid flat upon the ground in the 
vicinity of the apiary, a small pile of each kind of meal put upon 
them and notes taken upon the results. 

It was found that any of the substances used would be taken 
freely when used alone. Also that the preference did not always 
go to the same feed. 

Results with the first series of tests were published in the 
Seventh Annual Report of this Station. As that report did not 
reach a large number of general readers, and as subsequent tests 
lead to some change in the order of preference, I have thought it 
best to report upon the work again here. The order of preference 
as nearly as could be judged ran as follows: Ground whole kernels 
of oats, corn, and wheat, fine wheat bran,* cleaner dust,f cotton- 
seed meal, wheat bran, pea meal, wheat flour, rye flour, bean meal, 
barley meal. The three last named they would hardly touch as 
long as others were accessible. | 

As pollen furnishes the bees with nitrogenous food, it seems* 
probable that those substitutes for pollen that have most nitrogen, 
or rather, that furnish the chemical compounds most nearly. in the 
proportions that they are found in pollen, would be best suited to 
take the place of pollen in the dietary of the bee. ey 

In order to determine whether or not the chemical composition 
of the food-stuffs best liked by the bees were more like the composi- 
tion of pollen than the others, I had a quantity of corn pollen col- 


* Bran ground over so as to be fine. ; 
+ Waste dust and chaff as taken from cleaners at flouring mill; 
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lected and taken to Dr. W. P. Headden, Station Chemist, for analysis. 
In the table below the first analysis is that of corn pollen made by 
Dr. Headden, and the analyses of the other materials are compiled : 


NAME Water.| Ash. | Gi"4°| Fat. | Protein. |_»Nitrogen 
@orneollenmenatetece superar 3.444) 5.039} 7.970) 1.526 19.598 62.423 
Mata Ground smencter cere eea ee | ene 3.5 8.5 3.6 11.4 63.7 
Corn eM Atari armerarnedeocongce cd 13.6 14 1.9 3.4 9.6 70.1 
Wea tig 6 out crstastsiterenvesiectetce olerclaletetsielal= 11.5 2.0 2.9 2.0 12.1 69.5 
Wihoatpranhrncernmetccelessctissnieer crest 11.0 5.7 10.4 5.0 15.9 . 52.0 
Cotton=seed Meals... ets suns cise 8.0 6.9 6.7 10.0 42.0 25.7 
eau Weal  aecoscrertise teoraecicrebelaisc’eje, cia 8.8 2.6 ai 1.6 19.2 50.1 
\WANEE ir ON ole ree ag mdbe save qnanousn cacassn6 12.6 0.7 0.7 1.2 11.8 74.1 
Rye eh lOn ta. meraseisnistecajeier sere were Kenlole 14.0 1.6 125 1.6 10.5 72.5 
Beant Mealeycckiycrcreasreaiecedasarmesoul, GeeLO. 1.4 2.1 8.5 11.0 65.0 
Barley (Meal Ae. cece tee centers oreeeeheetiisies 13.1 2.4 5.7 19 11.3 65.6 


It will be noticed that, while the nitrogenous material (protein) 
is high in the pollen, it is not very high in some of the flours best 
liked by the bees, as tor example, corn and cats. Cotton-seed meal 
runs very high in protein and was not specially liked. 

So there are, doubtless, other reasons than the amount of nitro- 
genous food material, that influence the bees to take substitutes for 
pollen. It is probable that the aroma and mechanical qualities 
may have much to do in determining their choice. There is noth- 
ing very definite in the above order of choice of the different foods 
used. The order will often vary on consecutive days, or even on 
consecutive hours. 

It is by no means certain that the flour the bees like best is 
best for them, for this manner of supplying them nitrogenous food is 
entirely artificial. The best substitute for pollen is that food which 
the bees will take and upon which they do best, and it seems 


e probable that it will have a chemical composition approximating 
that of natural pollen. 


SUMMARY OF MORE IMPORTANT CONCLUSIONS. 


1. Bees use freely the wax in foundation to extend both the 
midrib and the cell walls of honey comb. 


2. The heavier the foundation used, the heavier, as a rule, 
will be the comb built upon it. 


3. Ifthe midrib of a foundation is much lighter than that ot 
natural comb, the bees are likely to strengthen it by adding wax to 
the bottom of the cells.* 


4. Ifthe midrib of the foundation is thicker than the mid- 
rib of natural comb, it will result in a comb with a midrib thicker 
than the natural. Or, to state it differently, the bees will not thin 
the midrib of a foundation down to the thickness of worker comb 
built in the natural way. 


5. Midribs of foundation that are not more than .17 of a 
millimeter (.007 inch) in thickness, are thinned little or none by the 
bees. 


6. Drone comb has a thicker midrib and heavier cell walls 
than worker comb. 


7. A foundation with a heavy midrib and very slight ceil 
walls, will still produce a comb with heavy cell walls. 


8. Very high cell walls in foundation are not cut down to 
the thinness of cell walls in natural comb. 


9. The thin and extra thin and the “1899” deep-cell founda- 
tions produce a comb that approximates very closely the lightness 
of that which is naturally made by the bees. 


10. When heavy foundations are used, the extra weight of 
the comb built upon them is due more to the extra weight of the 
cell walls than to the heavier midrib. 


* Possibly this is only done where there are actual perforations of the comb. 
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11. When very light foundations are used, the somewhat 
heavier comb is due almost entirely to the midrib being heavier 
than that of natural comb. 


12. When foundations containing an abundance of wax to 
build the entire comb are used, the bees still add much more wax, 
sometimes nearly enough to build the comb without the help of the 
wax in the foundation. 


13. Wax seems to be given with the best economy when the 
midrib of the foundation is of the thickness of the midrib of natural 
comb, and when there is a small, or at most a moderate, amount of 
wax in the cell walls. 


14. Poorly attached combs in sections seem to be more the 
result of weak colonies and poor honey flow than to the kind of 
starter that is used ; though large starters and strips of foundation 
in the bottom of the sections do help to strengthen the union of 
comb to the section. 


15. Separators between the sections are essential to the best 
results in producing comb honey. 


16. The thicker the comb, whether natural or artificial, the 
greater the proportion of honey to wax in it. 


17. In natural worker comb, one inch thick, the proportion 
of wax to honey is between 1 to 20 and 1 to 25 by weight. 


EXPLANATION OF PLATES. 


PxaTE I. 

a, blackened super foundation; 6, sections of comb built on a 
strip of blackened foundation as shown at a; c¢, como built on nar- 
row strip of foundation as shown at a; d, fully drawn comb built on 
full-piece starter of black foundation; e, midrib of natural worker 
comb after removing the cells; f, midrib of comb built on “1898” 
deep cell foundation; g, comb that the bees have just begun to draw 
on medium brood foundation, enlarged about two diameters ; h, like 
the preceding except that the cells are fully drawn. 


PLATE 2. 
a, cross-section of very heavy foundation; 6, midrib of comb 
built on very heavy foundation in upper two-thirds, the lower third 
being natural midrib extended by the bees; ¢, cross-section of 
medium brood foundation; d, like the preceding except that the 
bees had begun to draw out the cells in the upper two-thirds of the 
figure; ¢, the same as d with the cells farther drawn; f, a rather 
heavy super foundation blackened with lamp-black ; g, section of 
comb on heavy foundation shown at a; h, comb on foundation 
shown at f; 7, the upper two-fifths like h and the remainder natural 
drone comb; J, section of thin super foundation; &, the same as the 
preceding with the cells partly drawn; /, section of extra thin 
foundation. 


PLATE 3. 

a, section of comb on thin foundation in upper half, natural 
comb in lower half; 6, natural comb; ¢, natural comb cut from side 
to side of a section of honey; d, comb built on “1898” deep-cell 
foundation; e, cells of natural worker comb cut in cross-section ; f, 


cells of natural drone comb in cross-section ; g, cells of worker comb © 


in cross-section, the upper one-third of which was built on the 
foundation shown at f of Plate 2, and the rest is natural. — 


PLATE 4, 


a, cross-section of comb cells, the upper third of which were 
built on “1898” deep-celi foundation; 6, cross-section of worker 
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comb built on very heavy foundation; ¢, section of comb built on 
“1898” deep-cell foundation; d, section of “1898” deep-cell founda- 
tion; ¢, cross-section of the cells of “1898” deep-cell foundation 
before being worked by the bees; f, section of comb on the “1898” 
deep-cell foundation; g, section of “1899” deep-cell foundation ; h, 
partly drawn comb on the preceding foundation. 


PLATE 5. 

a, section of comb on “1899” deep-cell foundation; 06, cross- 
section of cell walls of the “1899” deep-cell foundation before they 
have been worked at all by the bees; ¢, section of the Weed “thin- 
base-and-heavy-wall” foundation ; d, section through comb to show 
that the midrib can be cut so as to give a straight line; e, another 
sample of comb manufactured by Mr. Weed with extremely thin 
midrib and high and heavy walls; jf, comb on medium brood 
foundation ; g, comb on extra thin super foundation; h, sections of 
honey showing how comb is bulged when separators are not used ; 
1, comb on “1898” deep-cell foundation somewhat magnified, show- 
ing the heavy basal portion of the cell walls. 


PLATE 6. 


a to g, different methods of using starters in sections; h,7 and 
j, showing how comb is built on starters that fill the sections. half 
way down; k,/ and m, showing method of building down comb 
from small starter; n, comb built on a full-piece starter; o and p, 
the way sections are finished in weak colonies or during a poor 
honey flow, particularly with small-piece starters; g and 1, large 
piece starters that the bees have gnawed away during dearth of 
honey ; s, the way sections should be finished. 
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FORESTS AND SNOW 


By L. G. CARPENTER. 


The intimate connection between the melting snow banks of the 
mountains and the agricultural prosperity of Colorado is too evident 
to those acquainted with the conditions of the State to need discussion, 
for most of the water which carries fertility to the fields and farms 
comes from the white-capped mountains; but even among those most 
interested in the agriculture of the State there have been some who have 
had a question as to the extent to which the forests were useful. Some 
have even advocated their destruction, under the supposition that the 
water supply would be increased. 

While it is not thought by the writer that the forests materially 
affect the rainfall in our Colorado mountains, their influence as a pro- 
tecting cover for the snow and in saving it from premature melting 
and the effect of winds, which increase the evaporation, is an important 
function. Without intending to enter upon a discussion of the question 
at this time, this bulletin is more especially intended to bring out some 
of the relations of the forests tc our water supply, which have become 
evident in our study of one of the typical irrigation streams, and also 
to present some of them pictorially, in such form as to help the reader 
draw conclusions for himself. 

For some years attempts have been made to obtain photographs 
which would show certain conditions, but as visits to the localities in 
question were usually made for other purposes, the trips were too late 
to be at the best time to examine the effect of the forests. It was found 
that it would be necessary to go earlier in order to obtain views desired, 
and to make trips for that special purpose. Hence, when the heavy 
snowfall of 1899 gave promise of remaining late enough in the summer 
to permit visits to the regions without interference with other work, 
advantage was taken of it. Correspondence had been opened with moun- 
tain friends, who with long acquaintance with mountain conditions had 
had unusual chances for observation. They were asked to let me know 
when the snow cover had so melted that the ground appeared in places, 
and also the places where green timber and bare spots were near to- 
gether, so that the conditions could be readily compared. A portable 
dark-room was prepared for developing in the field. Reports that the 
conditions were favorable were received from three correspondents on 
the same day. The snow fields were melting so fast that only one section 
could be visited while the conditions were favorable, and this was near 
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the headwaters of the Cache a la Poudre. Two places, some twenty 
mile apart, were visited. One on the divide between the Poudre River 
and Estes Park, and the other on the headwaters of the Laramie River. 
The former was visited under the guidance of Mr. John Zimmerman, 
who is a native of Switzerland, and who has lived in the high elevations 
of Colorado for nearly twenty years; the latter, under the direction of 
Mr. John McNabb, who has also had a long and intimate acquaintance 
with high elevations. The results are shown in the plates, which speak 
for the photographic skill and successful carrying out of instructions 
by Mr. J. D. Stannard, then assistant in the Department of Engineer- 
ing. It is believed that no more striking series of photographs on this 
subject has been brought together. They enable a comparison of the 
conditions to be made by the reader and repay examination and thought- 
ful consideration in connection with the charts. 


We hoped to obtain an additional series of photographs during the 
subsequent winter, but the character of the snowfall was unfavorable 
for this purpose. 

A general description of the condition of the streams, as connected 
with the melting of the snows, is desirable as a basis for the explana- 
tion of the views. 

CHARACTER OF THE STREAMS. 


Colorado is moderately supphed with rain, the annual precipitation 
averaging about fourteen inches. In the mountain areas, the amount 
varies with the elevation and topographical conditions, but the increase 
with elevation is not marked until the extremely high elevations are 
reached. In these places observations are under exceptional conditions, 
and too few in number to form a safe guide. On the eastern slope of 
the mountains, the precipitation is mostly due to the easterly winds 
brought in by the passage of an area of low barometer to the south. 
The air is forced up by the mountain ranges, and cooled by the eleva- 
tion enough to cause condensation and precipitation. Sometimes there 
are extremely heavy local showers, often called cloudbursts. Much of 
the precipitation at the higher elevations, even in the summer months, 
is in the form of snow. June, July and August are practically the 
only months in the year when rain falls at or above timber line. Snow- 
falls are not uncommon down to an elevation of 6,000 feet, even in May. 


The rain runs off quickly and may immediately influence the 
streams. The snow remains until it is melted or evaporates. Its effect 
is gradual, and may thus last for some time. Most of the winter pre- 
cipitation in the mountains remains on the ground in the form of snow 
until spring. A portion, sometimes not inconsiderable, evaporates, es- 
pecially when the snow is porous or soft. It may then be seen to vis- 
ibly decrease. Heavy winds which blow the snow about increase this 


loss. Some of the mountain observers say, “The wind just naturally 
wears it out.” ‘ 


In the case of land denuded of timber the surface is generally hard, 
and the water runs off rather than penetrates. In the forest areas the 


soil is looser, more porous and absorbent, and takes up water freely. 
In such areas springs, or springy soil, are more common, while they are 
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rarely found in tracts burned over or denuded of timber. It is the water 
from these springs which maintains the flow of the rivers from Sep- 
tember to April. Their decrease is cause for alarm. Within the past 
few years the Poudre at one time fell to less than forty cubic feet per 
second. April and May are the months of heaviest rainfall; most of 
the continued storms occur during these months. Yet, our river rec- 
ords, now carried on for nearly twenty years, show that these rains have 
comparatively little effect. A rise in the river due to a storm is dis- 
tinguishable from one due to melting snow, as may be seen from the 
diagrams. The snows show a daily tide, usually at the same hour. 
The rises due to storms are irregular in time and character. An un- 
expected effect is that rains in the mountains usually decrease the 
amount of water. The cloudiness associated with the storms prevents 
more thawing than the rain supplies. 

If the area covered by snow has been extensive and extends to a 
relatively low elevation, with the coming of warm weather the snow 
melts soonest on the low areas. As a rule these are less protected 
from the rays of the sun. Melting proceeds, even to considerable ele- 
vations, in the direct rays of the sun, though freezing may be going on 
at the same time in the shade, as on the north side of the ridges. A 
forest cover protects from the direct rays of the sun just as the ridges 
do. 

In the middle of the summer, snow is to be found at moderate 
elevations only in the forests or under ridges where sheltered from the 
direct rays of the sun. As melting proceeds the tributaries are swollen, 
and the main streams increase in volume, their maximum being reached 
long before the greatest heat of summer. Though the melting is faster, 
the snow areas are so much less that the aggregate is reduced, hence, 
the stream decreases. 
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Figure 1. 
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A typical stream is shown in Fig. 1. This represents the flow of the 
Cache a la Poudre, on which a longer series of records are available 
than on any other of the Western streams. The diagram is from nearly 
twenty years’ record of automatic instruments. 

The stream is low in fall and winter, when the supply is largely 
from springs. It rises in April with the rains or melting snows, 
and more rapidly as the sun and increasing temperature acts on the 
snow fields. 

The rate of rise depends on the area which is covered with snow ; 
on the temperature of night and day; on the dryness of the air, as affect- 
ing evaporation; the area of the forest! and the character of the snow, 
whether it be new and soft or old and hard. 


DAILY EFFECT OF THE SUN ON THE MELTING. 


A daily rise and fall takes place and is more marked as the river 
rises. This is shown by the various diagrams. Fig. 2 is a fac-simile 
of the diagram taken from the instrument during the week from June 


Figure 2. 


6-13, 1899. The days are shown at the bottom of the diagram, the 
gage depths at the left. “N” indicates the noon hour, “M” midnight. 
The crests of the rises are seen to be twenty-four hours apart. The 
high water occurs from 4 to 6 a. m. at the point where our instrument 
is placed, and the low water about 8 p.m. This hour depends on the dis- 
tance to the snow fields. An examination shows that the extreme fluctua- 
tion on June 20-21 was nearly a foot, less on the other days. 


_ When we consider the quantity of water, instead of the depths, 
this fluctuation appears of more importance. Fig. 4 represents the 
quantity of water for the same week as shown in Fig. 2. The scale 
at the left gives the quantities in cubic feet per second. While on the 
evening of June 20 there was less than 3,000 cubic feet per second 
before morning it had become 4,700 cubic feet, falling back to about 
3,300 cubic feet during the day, and rising again to 3.900 feet during 
the night. This diagram is typical of the fluctuation in sunny weather 
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during high water. The change is clearly connected with the diurnal 
effect of the sun. It is seen in the other diagrams, but almost disappears 
in cloudy weather. 
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Figure 3. 


While the temperature has a marked influence in determining the 
general stage of the river, the direct action of the sun as shown by the 
diagrams is still more marked, as it causes these fluctuations. Anything 


SEC: 
FT. 


4500. 


4000. & 


3500. 


3000. aA | eal otal 


2500.L_ 
JUNE 17. 


Si 
<4 


18. 19 20. eine oe 23. 1899. 


Figure 4. 


which serves as a protection from the sun, whether forests, ridges, boul- 
ders or clouds, lessens the melting and tends to decrease these tides. 
This explains the paradoxical fact that a general rain in the mountains 
often lessens the amount of water in the river. 

This effect is illustrated by Fig. 5, which shows the record of a 


rainy week in 1898. On June 1 the: diurnal fluctuation was slight, on 
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Figure 5. 


June 2 it was more marked, and still more so on June 3. For the rest 
of the week it was scarcely noticeable. The days of June 1 and 2 were 
sunny, the two following days were rainy, and the rest of the week 
cloudy. On the night of June 3- 4, 1.12 inches of rain fell at the Sta- 
tion, an unusually heavy rainfall, yet the river was lower after this rain 
than before. The clouds protected the snow from the sun, and this was 
of more effect than the exceptional rain. 

Another record illustrating the effect of a general cloudiness, is for 
the last week in May, 1897, shown in Bie. 6. The flow for this week was 


pee 6. 


normal, except on the 28th, when the river lacked the fluctuation evident 
on the other days. This was due to the character of June 27. It was cloudy 
and rainy all day at Fort Collins, and also over the whole watershed. 
The precipitation at the Station amounted to .28 in. There were hard 
showers near the river, as shown by the shght rise on the afternoon 
of the 27th. At W estlake, at an elevation of Aen 8,500 feet and about 
the middle of the watershed, the precipitation was .80 in. Notwith- 
standing this heavy rainfall the river shows a steady decrease. The dot- 
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ted line shows the probable course of the fluctuation, as judged from the 
records of co-operating observers, had there been no storm and the 
weather remained clear. 

The different effect of a local shower on the river is shown in Fig. 
Two local storms are in evidence on this record; one on the aah 
of May 18, and the other beginning to show on the afternoon of May 
20, with a marked rise during the night. 

The storm of May 18 was a sudden violent shower over a small area. 
As it was near the river, the effect was very marked. The rain-gauge 
at the Station recorded only .03 in. A shower of .20 in. on May 19 does 
not show; but there was a storm on the night of the 19th and extend- 
ing throughout much of the forenoon of the 20th, amounting to 1.28 
inches. This was heavy in the mountains also, especially at the lower 
elevations. The effect is seen in that the river continued to rise on the 
morning of the 20th, instead of falling. The sudden rise about midnight 
was due to the access of the Hood from one of the important tributaries. 
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Figure 7. 


The dotted line shows the probable fluctuation of the stream if there 
had been no storms. Neither of the storms extended to the higher ele- 
vations and did not cause general cloudiness, and the general course 
of the river was but little affected. 

As snow is most evident on the high peaks, undue importance is 
attached to high elevations. The run-off from the forest fringes below 
timber line is of far more importance. The precipitation at the high 
elevations is not much, if any, more than at lower elevations. The rain- 
fall on Pike’s Peak, standing as it does on the edge of the Plains, can- 
not be considered representative of the other high elevations, and is 
undoubtedly much greater than that on other peaks equally as high. 
Even if a great amount of precipitation falls on the top, it is confined 
to a small area of relativey little importance. Thus, for instance, I have 
had occasion to examine the watershed tributary to the Rio Grande. 
While this has an area of 4,611 square miles above 8,000 feet eleva- 
tion, there is less than 200 square miles of it above 12,000 feet, although 
this watershed has a large number of the highest peaks in the State. 


10 BULLETIN 55. 


In this case, over 90 per cent of the watershed is below timber line and 
above 8,000 feet. 

That the forests in the mountains increase the amount of precipita- 
tion does not seem probable, whatever their effect when on the plains or 
lands of low elevation may be. The precipitation in the mountains is 
mostly due to the cooling from expansion, caused by the air being forced 
upward by the mountains. The effect of the forests would be so small 
compared with the mountains that it does not seem possible that they 
would increase the amount of rainfall. It, however, is not impossible 
that in the maintenance of moist conditions, influence on the currents 
of air, and the protection of slopes from the burning rays of the sun, 
there may be an effect even on the amount and distribution of the 
rainfall. Nevertheless, they influence the river floods, and protect the 
snows from melting and the action of the winds. As a protection from 
floods, they form a feature which the agricultural interests of the State 
should jealously protect. 


CONCLUSIONS. 


1. The mountain streams in the early irrigation season are largely 
supplied by melting snow. 

2. ‘There is a marked diurnal fluctuation, greater with high water 
than with low, due to the daily variation in the rate of melting. 

3. The stream at high water may be one-half greater than at low 
water on the same day. 

4. Cloudy weather in the mountains, protecting the snow from 
the radiation of the sun, causes the fluctuation to disappear and the 
flow to decrease. 

5. This decrease is so great that the cloudiness associated with 
continued rain usually more than counterbalances the gain from the 
rain. 

6. The loss of snow by evaporation is considerable, especially 
when exposed to winds. 

7. Snow remains in the timber and in protected spots much 
longer than where exposed. 

8. This is due not so much to drifting as to shelter from the radia- 
tion afforded by the forest cover. 

9. Hence, the greater amount of forest cover the less violent tix 
daily fluctuation, the more uniform the flow throughout the day «anc 
throughout the season, and the later the stream maintains its flow. 

10. The loss of the forest cover means more violent iluctuation 
during the day, greater difficulty in regulating the headgaies and keep- 
ing a uniform flow in ditches and hence an additional diffienlty in the 
economic distribution of water. Also the water runs cff sooner, hence 
the streams drop earlier in the summer and on account of the lessen- 
ing of the springs, the smaller is the watem flow. winter 

11. The preservation of the forest is an absolute necessity for 
the interest of irrigated agriculture. 


PLATES. 


PLATE 1.—11:30 a. m., June 21, 1899. BHlevation about 9,600 feet. Look- 
ing southwest into dead timber. Medicine Bow Range in the distance. 


PLATE 2.—11:40 a. m, June 21, 1899. Looking northeast into open 
white pine timber. Ground sloping gently to the northwest. Snow drifts 
from three to five feet deep. 


PLATE 3.—3 p. m., June 21, 1899. Looking east. Plates 9, 10, 11 and 
12 were taken near here. Mr. Zimmerman is shown on the drift. 


PLATE 4.—11:00 a. m., June 21, 1899. Looking northwest, showing Mr. 
Zimmerman behind drift. Slopes to the northwest. Drifts hard. Elevation 
about 9,600 feet. Open white pine timber. Nos. 5 and 6 taken from this 
point. : 


PLATE 5.—11:00 a. m., June 21, 1899. Looking north from same point 
as No. 4. 


PLATE 6.—11:20 a. m., June 21, 1899. Looking southwest into dead tim- 
ber. 


PLATE 7.—10:30 a. m., June 21, 1899. Snow in the open white pine tim- 
ber. Slopes to the north. Nearest drift, 60 feet long, 48 feet deep, 15 feet 
wide. Snow granulated. Hlevation about 9,600 feet. Looking southwest. 


PLATE 8.—4:05 p. m., June 19, 1899. Near No. 13. Snowdrift in the 
distant green timber. 


PLATE 9.—12 m., June 21, 1899. Looking southwest. Bare slope. Hle- 
vation about 9,€00 feet. 


PLATE 10.—1:30 p. m., June 21, 1899. Drift 10 feet deep in green tim- 
ber. Usualiy no snow here after June 1st. About 200 yares in timber from 
points where Plates 1 and 2 were taken. 


PLATE 11.—2:45 p. m., June 21, 1899. Snow drift in green timber. 
From same point as Plate 12. Looking east. \Ground slopes to east. Drifts 
about 12 feet deep, solid. Same drifts as in plates. BHlevation about 9,000 
feet. Four miles back of Zimmerman’s. 


PLATE 12.—z:40 p. m., June 21, 1899. From the same place as Plate 11. 
Looking southwest through dead timber. Mount Cameron in the distance. 


PLATE 13.—8:50 a. m., June 24, 1899. Looking north. Elevation about 
10,000 feet. Headwaters of the Laramie River. Ground slopes to the south. 


PLATE 14.—9:45 a. m., June 24, 1899. Looking southwest. Near No. 
13. Spruce and balsam. 


PLATES 15, 16, 17 and 18.—June 24, 1899. From same point. Eleva- 
tion about 9,800 feet. These views overlap, and may unite into one view. 
No. 15, 9:45 a. m. In dead timber, looking west. On south slope. No. 16, 
10 a.m. Looking northwest into green timber. No. 17, 10:15 a. m. Look- 
ing north at south slope, showing snow in green timber. No. 18. 10:15 
a.m. Looking northeast. Snow in green timber, bare ground in dead tim- 
ber. Showing edge of snow between dead and green timber. 


PLATE 1. From the same spot as Plate 2. Same date. Looking northwest. 
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PLATE 3. Snow drift. June 21, 1899. 
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On border becween dead and green timber. 


PLATE 5. 


Looking into dead timber. 


PLATE 6. 
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Looking southwest into dead timber. 


PEATE 12: 


Snow in sheltered spots. 


PLATE “13. 


PLATE 14. Snow in sheltered ravine. 
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FURTHER NOTES 


ON 


THE BIRDS OF COLORADO. 


BY W. W. COOKE. 


Since the publication in March, 1898, of the notes on Colo- 
rado birds that had been gathered the previous year, many 
additional notes have been secured. The largest number from 
any one source have come from a thorough study of the fine 
collection of Mr. Edwin Carter at Breckenridge. This collection 
represents the work of Mr. Carter for more than thirty years. 
Much of the material was gathered in the immediate vicinity of 
Breckenridge, and the rest in Middle Park and South Park. 
Breckenridge is at an altitude of 9,500 feet, while Middle and 
South Parks are from 7,500 to 8,500, so that Mr. Carter’s collec- 
tion is especially valuable as showing the bird life of the 
mountains and mountain parks. Breckenridge is on the western 
slope of the main range, and this collection furnishes several new 
records for the Pacific side of the mountains as well as a higher 
range than before known for more than thirty species. The 
Carter collection contains 184 species of birds, of which 127 are 
known to breed in Middle and South Parks. Mr. Carter has also 
taken 16 species that are not now in the collection. The collection 
adds two new birds to the state, Ammodramus leconteii and Falco 
sparverius deserticolus, and one new breeding record, Wilsonia 
pusilla pileolata. 

Much ‘space is given to notes from this collection, because 
the recent death of Mr. Carter makes the collection complete so 
far as his work is concerned. No catalogue or summary of this 
collection has ever been published. The present writer made 
three visits to Breckenridge, and has studied every bird in the 
collection at least twice. The last visit was but a few days before 
Mr. Carter left home on that last trip from which he was not to 
return alive. On this visit a complete investigation was made of 
all Mr. Carter’s records of birds he had taken that are not now in 
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the collection. This bulletin therefore presents the full work of 
Mr. Carter with reference to Colorado ornithology. Many of the 
notes from his collection add nothing new to our knowledge of 
the birds of the state, but are entered in order to make a com- 
plete catalogue of the species represented in the collection. 


Most of the rest of the new notes come from the further in- 
vestigations of Mr. C. E. Aiken, who has spent a great deal of 
time the past two years in collecting and studying the birds of 
the “ Divide” and the plains east of Colorado Springs. From his 
own collecting he has added five birds to the Colorado list, and of 
two more he has obtained the records from other persons. One 
of the excursions of Mr. Aiken deserves special mention as show- 
ing the possibilities of Colorado ornithology. The days from 
May 19-27, 1899, he spent in the vicinity of Limon, about a 
hundred miles out on the plains east of Colorado Springs. A 
poor place for birds one would think, and yet while there he en- 
countered what seemed to be a flight of eastern birds that had 
wandered from their usual course and strayed several hundred 
miles to the westward, and mingled with them some distinctively 
western species scarcely to be expected east of the mountains. 
The Red-bellied Woodpecker, Tennessee Warbler, Least Fly- 
catcher, Red-bellied Nuthatch, Bobolink and Scarlet Tanager 
were rare visitants from the east found there, and in addition he 
took the Connecticut Warbler and the Canadian Warbler, both 
being the first records for Colorado. 


In contradistinction to this highly successful trip, may be 
noted one taken by the present writer, which also shows the 
peculiar distribution of bird life in Colorado. About the middle 
of May he went from Fort Collins to Grand Junction. The latter 
place is about a hundred and fifty miles fuither south and five 
hundred feet lower than Fort Collins. Vegetation was at least 
two weeks in advance of the more northern location, but bird 
migration was apparently in just the same stage; being another 
instance of what is probably a general rule, that migration on a 
western slope is later than on an eastern. More surprising than 
this, however, was the character of the birds seen. Grand 
Junction is three hundred miles west of Fort Collins, on the 
Pacific slope and on the Grand river, that one would expect to 
find a natural highway for birds from the west and south. The 
country was quite carefully explored for twenty miles along the 
Grand and Gunnison rivers, and in all somewhat over forty 
different species of birds were identified. They were all common 
birds of the eastern slope, occurring at Fort Collins, except the 
Raven and the California Quail. The former occurs over all of 
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western Colorado, while the latter has been introduced and has 
become exceedingly abundant. Out among the greasewoods, 
where greasewood is about the only vegetation that can grow, 
these Quail vie with the lizards as to which shall be the most 
common animal life present. In the whole trip not a dis- 
tinctively southern or western species was observed, nor is there 
one in the list of sixty-one species of birds seen there by Miss 
Myra Eggleston during several years residence. The valley of 
the San Juan river serves as a great highway for southwestern 
forms into southwestern Colorado, and many extend along 
the Rio Grande into south central Colorado on the Atlantic slope, 
but apparently there is some conformation of land or condition 
of climate that keeps these forms away from west central Colo- 
rado. 

The present bulletin is paged in continuation of bulletins 
Nos. 37 and 44, and references are to the pages of these bulletins. 
On page 3 the total number of species and varieties known to 
occur in Colorado should be changed to 387, of which 243 are 
known to breed. Thus in the three years since the Colorado list 
was published, 27 additions have been made and 15 more species 
ascertained to breed in the state. There is good reason to believe 
that the list, even now, is far from complete. A single fact will 
show how great are the future probabilities. In a small collec- 
tion of beautifully mounted birds at Cheyenne, Wyoming, pre- 
pared by Mr. Frank Bond, are six species of birds taken by him 
at Cheyenne, less than ten miles from the Colorado line, that have 
not yet been found in this state. These species are Sterna hirundo, 
Pelecanus fuscus, Orymophilus fulicarius, Aigialitis meloda cirewm- 
cincta, Anthus spragueii and Cistothorus stellaris, and there is every 
reason {o believe that each of these will eventually be added to 
the Colorado list. 
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CLASSIFICATION OF COLORADO BIRDS. 


Changes to be made, including those already made on page 
128 and pages 148-150. 


Page 8. 1. Residents: Add 


Callipepla squamata. 
Tympanuchus americanus. 
Phasianus torquatus. 

Falco sparverius deserticolus. 
Syrnium nebulosum. 
Coccothraustes vespertinus montanus. 


Page 9. 2. Winter visitants. Omit 


Coccothraustes vespertinus montanus. 


Page 10. 4. Species that have been taken in Colorado in 
winter, either as rare or accidental visitors. Add 


Gavia arctica. 

Larus philadelphia. 

Somateria dresseri. 

Nyctala tengmalmi richardsoni. 
Acanthis linaria rostrata. 
Juneo montanus. 


Page 11. B. Species that breed on the plains, but only to the foot- 
hills of the mountains. Add 


Philohela minor. i 
Callipepla squamata. 


Tympanuchus americanus. 
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Page 12. 
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Phasianus torquatus. 


Syrnium nebulosum. 
Phaleenoptilus nuttallii nitidus. 
Zamelodia ludoviciana. 

Seinrus aurocapillus. 
Harporhynchus bendirei. 


C. Species that breed in the mountains or mountain parks 


and not on the plains. Add 


Falco sparverius deserticolus. 
Coccothraustes vespertinus montanus. 
Wilsonia pusilla pileolata. 


. Species that breed principally in the mountains. Add 


Empidonax hammondi. 


. Species that breed regularly only in Southern Colorado. 


Plegadis guarauna. 
Callipepla squamata. 


Page 13. 6. Species taken in the State during the summer, 
but not known to breed. Add 


Gavia imber. 

Aythya americana. 

Charitonetta albeola. 

Ardetta exilis. 

Totanus flavipes. 

Stellula calliope. 

Astragalinus psaltria mexicanus. 
Melospiza georgiana. 


Omit 


Plegadis guarauna. 

Callipepla squamata. 

Philohela minor. 
Phaleenoptilus nuttallii nitidus. 
Seiurus aurocapillus. 
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Page 18. 7. Migrants. Add 


Gavia adamsii. 

Branta canadensis minima. 
Porzana jamaicensis. 
Astragalinus tristis pallidus. 
Piranga erytbromelas. 
Dendroica palmarum. 


Omit 
Harporhynchus bendirei. 


Page 14. 8. Stragglers. Add 


Gavia adamsil. 

Gavia arctica. 

Somateria dresseri. 

Branta canadensis minima. 
Plegadis autumnalis. 
Ardea egretta. 

Porzana jamaicensis. 
Nyctala tengmalmi richardson. 
Bubo virginianus arcticus. 
Coccyzus americanus. 
Dryobates pubescens. 
Stellula calliope. 

Acanthis linaria rostrata. 
Astragalinus psaltria mexicanus. 
Ammodramus leconteii. 
Melospiza georgiana. 
Piranga erythromelas. 
Dendroica palmarum. 
Geothlypis agilis. 
Geothlypis trichas. 
Wilsonia canadensis. 


Omit 


Sylvania pusilla pileolata. 
Harporhynchus bendirei. 


Page 15. to. Rare or irregular visitants, from the east ‘or 
southeast. Add 


Branta canadensis minima. 
Plegadis autumnalis. 


8 


Page 16. 


BIRDS OF COLORADO. 


Ardea egretta. 
Tympanuchus americanus. 
Syrnium nebulosum. 
Ammodramus leconteii. 
Melospiza georgiana. 
Zamelodia ludoviciana. 
Piranga erythromelas. 
Dendroica palmarum. 
Geothlypis agilis. 
Geothlypis trichas. 
Wilsonia canadensis. 
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i2. Rare or irregular visitants, from the west or 
southwest. Add 


Stellula calliope. 
Astragalinus psaltria mexicanus. 


Add the star (*) to denote breeding, to 


Page 16 


Plegadis guarauna. 


SUMMARY. 


Poteespectes ili Colorado. 23.0 -=- aso, ae eee 


L 
. Regular winter visitants from the north___- -_.- 


2 
3. 
4 
5 


EVOSTOLET) LS) steep eee ence Meri cs en ng Sa a 


Regular breeders that sometimes occur in winter- 


. Rare or accidental winter visitants --___. -____- 
5 ISleDAONATIEDE PHOCIANS eS ee ys 


A. Breeding on plains and in mountains-_-_--- 
B. Breeding on plains, but not in mountains-_- 
C. Breeding in mountains, but not on plains_- 
D. Breeding principally in mountains, sparingly 
OM Las ee ee ee ae eer ee eee 

E. Breeding regularly only in southern Colorado 
Summer visitants, not known to breed ___- .-_- os 
VOTES og Bere ee ele ee ei a 


Sledge leley ctsst yn eee cao kone so oer eee 
Regular visitants trom east and southeast -.---- . 


Rare visitants from east and southeast -__- -__- = 


. Regular visitants from west and southwest ------ 
. Rare visitants from west and southwest -_-- ---- 
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BIBLIOGRAPHY OF COLORADO ORNITHOLOGY. 


Page 21. Add. ArKen, C. E. Otocoris alpestris arenicola. 
Colorado Springs Gazette (local newspaper), Feb. 8, 1899. 
Habits of this bird during cold weather. 


Page 22. Add. Antuony, A. W. A new subspecies of the 
Genus Dryobates. Auk, X///. 1896, p. 32. 


Describes the subspecies Dryobates villosus montanus. Rocky Moun- 

tain Woodpecker with the type from Boulder, Colorado. In Auk, XV. 1898, 

p. 54, Anthony changes montanus to monticola, and as such this subspecies 

has been recognized by the A. O. U. 

Page 22. Add. Barrp,S. F. Smithsonian Miscellaneous Col- 
lections, 181, Review of American Birds in the Museum of 
the Smithsonian Institution. Pazt I. North and Middle 
America. Washington Smithsonian Institution, 1864-66, 
pp. IV., 450. 


Contains incidental records of a few species of birds taken in Colorado. 


Banas, OuTRAM. A Review of the Three-toed Woodpeckers of 
North America. Auk, XVII. 1900, p. 126. 
Description of Picoides americanus dorsalis, with notes on nine speci- 
mens taken in Colorado. 
Page 26. Add. Brewster, Wm. Lewis’s Woodpecker Storing 
Acorns. Auk, XV. 1898, p. 188. 
Habits of the birds as noted near Denver, Colorado, and reported to him 
by Manly Hardy. 


Page 26. Add. Curistin,N.R. The Pinon Jay. Osprey, III. 
1898, p. 57. 


Short account of its breeding habits near Rouse Junction, Colorado. 


Page 27. Add. Cooxr, W.W. The State Agricultural Col- 
lege, The Agricultural Experiment Station, Bulletin No. 44, 
Technical Series No. 4, Further Notes on the Birds of Colo- 
rado, An Appendix to Bulletin No. 37, on the Birds of Colo- 
rado. By W. W. Cooke. Approved by the Station Council. 
Alston Ellis, President. Fort Collins, Colorado, March, 
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1898. The Smith-Brooks Printing Company, Denver, pp. 
145-176. [Date of distribution, March, 1898. ] 


_ _Adds eleven new species to the state list; references to 15 books and 
articles; additional notes on 98 species. 


Cooxr, W. W. The Scarlet Ibis—A Correction. Auk, XV. 1898, 
p. 188. 


Statement that the specimens of Scarlet Ibis reported in the Auk, XIV. 
1897, p. 316, proved to be the White faced Glossy Ibis. 


Cookr, W. W. A New Bird for Colorado. Osprey, III. 1898, 
p. 1S. 


A Le Conte’s Sparrow taken by E. Carter at Breckenridge, October 2, 
1886. It is stated that this is the first mountain record, but this is an error, 
as Merrill, Auk, XV, 1898, p. 16, had just previously recorded it from Idaho, 
west of the mountains, but at a much lower altitude. Breckenridge is 9,500 
feet altitude. The article also contains records at Breckenridge of the Slate- 
colored Sparrow, Mockingbird and Bobolink. 


Cooxr, W. W. More New Birds for Colorado. Auk, XVI. 1899, 
PAS. 
Adds three new species to the state list, Branta canadensis minima, 
Astragalinus psaltria mexicanus and Junco montanus. ‘ 


Page 29. Add. Drie, F.M. Nesting of the Pine Siskin at 
Denver, Colo. The Condor, II. 1900, p. 72. 


Several nests in the spring of 1899 within the city limits of Denver. 


Page 31. Add. Fremont, Joun ©. Report of the Exploring 
Expedition to the Rocky Mountains in the yedr 1842, and 
to Oregon and north California in the years 1843-4. By 
Brey. Capt. J. C. Fremont of the topographical engineers, 
under the orders of Col. J. J. Abert, chief of the topograph- 
ical bureau. Printed by order of the House of Representa- 
tives, Washington ; Blair & Rives, printers. 1845, p. 586. 


Capt. Fremont crossed the State by way of the Grand river and the 
South Platte. His narrative contains only a few unimportant references to 
Colorado birds. 


Page 81. Add. Gurumore, L. D. Western Goshawk in Colo- 
rado. Osprey, LIL. 1898, p. 28. 
One shot at Sweetwater Lake, Garfield county, Colorado, February 12, 
1898, by J. T. Meirer, and identified by the Smithsonian as striatulus. Two 
others seen later. 
Gitmorg, L. B. Some Notes on Colorado Birds. Bul. Mich. Orn. 
Club. IT. April, 1898, p. 19. 


Notes on seventeen species of birds seen in the vicinity of Dotsero, 
Colorado. 


Gitmorg, L. B. Notes on the Western Yellow-throat and Amer- 
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ican Raven in Colorado. Bul. Mich. Orn. Club, IIL. January, 
1899, p. 8. 


Notes on these two species seen near Dotsero. 


Page 32. Add. Howsz, R. H., Jr. Ranges ot Hylocichla 
fuscescens, and Hylocichla fuscescens salicicola in North Amer- 
ica. Auk, XVII. 1900, p. 22. 


Measurements of two specimens of salicicola taken in Colorado, 


Page 32. Add. Inaursont, Earnest. Knocking Round the 
Rockies. Harper Bros., N. Y., 1883. . 


Contains descriptive notes on several Colorado birds. 


Page 33. Add. “J.” [Capr. P. M. Taorne.] Snipe Wintering 
in Colorado. Forest and Stream. February 15, 1882. . 


Two Wilson’s Snipe (Gallinago delicata) found February 3, 1882, at Fort 
Lyon, Colorado. The gizzard of the one shot contained partly digested fish. 


Page 33. Add. Jounson, H. C. In the Breeding Home of 
Clarke’s Nutcracker (Nucifraga columbianus). The Condor, LI. 
1900, p. 29. 

Mentions all the nests of this bird taken in Colorado previous to 1900. 


Jones, Lynps. The Songs of the Warblers. (Mniotiltide). 
Laboratory Bulletin No. 10. Oberlin College. Also issued 
as Wilson Bulletin No. 30. Oberlin, Ohio, March 20, 1900, 
70 7a 


_ Notes on all the Warblers known to occur in the United States, with 
specific references to several of them as occurring in Colorado. 


Jonzs, P. L. Flammulated Owls. Osprey, III. 1898, p. 46. 


Records of three more captures near Beulah, Colorado, and one set of 
eggs. 


Page 33. Add. Kryser, LEANDER S. Rocky Mountain Birds. 
Popular Science, XXXIV. 1900, p. 8. 


Short account of several common birds seen near Manitou. 


Keyser, LeanperR S. Rocky Mountain Birds. N. Y. Evening 
Post (newspaper), September 2, 1899. 


Observations on the birds near Colorado Springs and Manitou. 


Page 35. Add. Nasu, H.W. Our Winter Birds. The Cactus. 
(Local magazine, Pueblo, Colorado.) 7/, No. 1, 1892. 


Notes on the winter birds of Pueblo. 


Page 35. Add. Netsoy, E. W. Description of a new Subspecies 
of Meleagris gallopavo and proposed changes in the nomen- 
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clature of certain North American Birds. Auk, XV/7/. 1900, 
p. 120. 


_ Describes a new sub-species, Meleagris gallopavo merriami, and assigns 
to it the wild turkeys of southwestern Colorado. 


Page 35. Add. OsrErnHorseR, Harry C. Description of a new 
North American Thrush. Auk, XV. 1898, p. 308. 


Describes H. wu. almce, subsp. nov. and gives Colorado as included in its 
habitat. This subspecies has been rejected by the A. O. U. 


OBERHOLZER, Harry C. A Revision of the Wrens of the Genus 
Thryomanes Sclater. Proc. U. S. Nat. Mus., X XJ. No. 1158, 
1898, p. £27. 

Gives a new name, Thryomanes bewickii eremophilus, to the form that 
occurs in Colorado. Up to January, 1900, this had not been passed upon by 
the A. O. U. 

Page 36. Ripaway, Ropert. New Species, etc. of American 
Birds, IJ. Fringillidee (continued). Auk, XV. 1898, p. 319. 


Describes a new subspecies, Calcarius lapponicus alascensis, Alaskan 
Longspur, and includes Colorado in its habitat. 
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THE HISTORY OF COLORADO ORNITHOLOGY. 


Page 41. Add. 


1864-6. Baird. Review of American Birds. Adds Lanius 
ludovicianus excubitorides taken in Colorado by D. Thompson. 


Page 42. ; 
Under 1872. Allen. Omit Lanius ludovicianus excubitorides, 


as it had already been recorded by Baird in his Review of Amer- 
ican Birds. 


Page 48. Add. 


1898. Cooke. Osprey, ///. 1898, p. 13. Ammodramus 
leconteit taken by Carter at Breckenridge. 


1899. Cooke. Auk, XV/. 1899, p. 187.  Astragalnus 
psaltria mexicanus and Branta canadensis minima taken at Denver ; 
Junco montanus taken at Pueblo. 

1900. Cooke. Colorado Experiment Station Bulletin No. 56. 
The present publication contains the first records fur Colorado of 
nine species as follows: Gavia arctica, Ardetta egretta, Syrnvum 
nebulosum, Astragalinus tristis pallidus, Geothlypis agilis, Geothlypis 
trichas and Wilsonia canadensis by Aiken; Plegadis autumnalis by 
A. T. Allen; Falco sparverius deserticolus by Carter. 


Page 48. RECAPITULATION. Add. 
1898.. | W. W. Cooke 


RP Or AOA DOO aATOD Dep AA COS 1 364 
1808 2p Wir Wie COOKC neccaaeiaee eerste eran m0) 374 
1898577) 2 Wee Wi COOK: eure, Pact etree ee ene ene il 375 
1899... | Wes Wie Cogk6s insane tee eee ee 3 378 
1900S |e Wee W.. Cooke 5. scan Wheren enn: ae 9 387 
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THE BIRDS OF COLORADO. 


Page 49. 1. Aechmophorus occidentalis. Western GREBE. 


Two shot out of three seen on Sheldon’s Lake, near Fort 
Collins, October 29, 1898, by Wils Black. One of them is now 
mounted in the museum of the Agricultural College. 

This species has been seen by Edwin Carter in South Park, 
but not taken. 


Page 49. 4. Colymbus nigricollis californicus. AMERICAN 

EARED GREBE. 

Has been seen at Breckenridge in migration by Edwin 
Carter, and breeds abundantly in Middle Park. In the following 
pages many records of Mr. Carter are given which are not in a 
certain sense new records, since they would be implied by the 
knowledge of the occurrence of the species in neighboring local- 
ities, but they are entered here both as a record of Mr. Carter’s 
wide study of Colorado birds in localities not visited by other 
naturalists, and to furnish additional proof of the correctness of 
previous published records. Breckenridge is on the Blue River 
at an elevation of 9,500 feet, and about fifty miles from the 
junction of the Blue and the Grand rivers. Most of Mr. Carter’s 
records of “Middle Park” meant the country around the mouth 
of the Blue river, with an altitude of 7,000-7,500 feet. His ex- 
peditions cover considerable of South Park, but most of his 
collecting has been along the branches of the South Platte on the 
eastern side of the park at about 8,000 feet. 


Page 50. 6. Podilymbus podiceps. PrED-BILLED GREBE. 
Seen by Mr. Carter at Breckenridge in migration, but never 
known to breed there. 


Page 50. 7. Change to Gavia imber. Loon. 
This and many changes given later are made to conform 
with the present nomenclature of the American Ornithologists’ 
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Union. In the remainder of these notes the words “Change to” 
will be omitted and merely the present name given. 

Seen by Mr. Carter in Middle Park. Mr. L. B. Gilmore re- 
ports that one was shot in July, 1897,on Sweetwater Lake, was 
mounted and is now in the possession of Mr. John Root. This is 
the first summer record for Colorado. 


Page 50. Add. 9. Gavia arctica. Biack-rHRoATED Loon. 


A northern species occurring as a rare fall and winter 
visitant to Colorado. 

Mr. C. E. Aiken of Colorado Springs, contributes the follow- 
ing notes. 

“Three small Loons were observed on Prospect Lake in the 
suburbs of Colorado Springs, in November, 1898, and ali were 
shot by a local gunner. One which I subsequently examined 
proved to be of this species. 

“T also examined in 1883 a specimen killed, I think, the 
previous fall near Colorado Springs. 

“Colorado is within the probable winter range of the 
species, and it may be a regular visitant.” 


Page 50. Add. [10. Gavia pacifica. Pactric Loon. 


One.was shot in November, 1899, near Clayton, New Mexico, just over 
the Colorado line, and was presented by Mr. Jesse Harris to the museum of 
the Agricultural College at Fort Collins. 

This is the western form, not before recorded east of the Rocky 
Mountains. | 


Page 50. Add. [1l. Gavia lumme. Rep-THRoatTED Loon. 


The distribution of this species is given in the A. O. U. Check List as 
“Northern part of northern hemisphere, migrating southward in winter nearly 
across the United States.” This would bring Colorado within the limits of 
its distribution, and hence it is one of the species that should be especially 
sought. It has been taken in Nebraska. 

In the following pages about twenty such species are included as show- 
ing what will probably be found some day in Colorado, and to direct attention 
to them as species for future investigation. ] 


Page 50. 53. Larus californicus. CaLirorNIA GULL. 


Mr. Carter’s collection contains two specimens of this Gull; 
one taken April 28, 1884, in Middle Park at 7,000 feet, and the 
other taken at Denver, October 26, 1878. 


Page 51. 54. Larus delawarensis. RinG-BILLED GULL. 


The present writer found this species breeding quite com- 
monly June 18, 1898, at the San Luis Lakes at an altitude of 
7,500, being more than a thousand feet above previous breeding 
records. Mr. Carter has never found them breeding nor seen 
them in fall migration, but in spring has seen them in both 
South and Middle Parks. 
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Page 51. 60. Larus philadelphia. Bonaparrr’s GuLt. 


Three more instances are known from Colorado Springs, 
Denver and Longmont. The one from Denver is in winter 
plumage. Mr. Carter has taken one in Middle Park in the 
spring, this being the first record for Colorado west of the range. 


Page 51. 62. Xema sabinii. Sapine's Gut. 


Mr. Carter has a specimen taken September 26, 1886, on an 
alpine lake near Breckenridge at over 10,000 feet. Mr. Aiken 
killed one at Manitou Park, October 10, 1897. 


Page 51. Add. [64. Sterna tschegrava. Caspian TERN. 


“Nearly cosmopolitan; jn North America breeding southward to Vir- 
ginia, Lake Michigan, Texas, Nevada and California.”—-(A. O. U.) Has been 
taken in Nebraska and probably will later be added to Colorado birds, ] 


Page 51. 69. Sterna forsteri. Forster’s Tern. 
Noted by Mr. Carter only in migration. 


Page 51. Add. [70. Sterna hirundo. Common TERN. 


This Tern occurs over all of North America, but chiefly east of the 
plains. Specimens of both young-of-the-year and old birds are in Mr. Bond’s 
collection, taken at Cheyenne. It is also known from Kansas and Nebraska, 
so we may confidently expect that the future will add this to the list of Colo- 
rado birds.] 


Page 52. [74. Sterna antillarum. Least TERN. 


“Northern South America, northward to California, Minnesota and New 
England, and casually to Labrador, breeding nearly throughout its range.” — 
(A. O. U.) Has been noted many times in both Nebraska and Kansas and 
undoubtedly comes into eastern Colorado, though up to the present it has no 
Colorado record. | 


Page 52. Add. [121. Phalacrocorax mexicanus. Mrxican Cormorant. 


“West Indies and Central America to southern United States; north in 
the interior to Kansas and southern Il]linois.”—(A. O. U.) There has ‘also been 
a specimen reported from Nebraska, so it should be looked for in Colorado. } 


Page 52. 125. Pelecanus erythrorhynchos. AMERICAN 
WHITE PELICAN. 


Several late records indicate that these birds have not yet 
deserted Colorado. A flock of about forty was seen feeding on a 
small lake near Denver in the spring of 1898. 

Mr. Carter has one taken at Breckenridge, August 10, 1892, 
has seen them in both Middle and South Parks, has seen them 
feeding on alpine lakes and even migrating over the mountain 
passes at 13,000 feet. 


Page 52. Add. [126. Pelecanus fuscus. Brown PELican, 


One was taken July 12, 1899, near Cheyenne, Wyoming, and is now in 
the Bond collection. 
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Page 52. 129. Merganser americanus. AMERICAN Mer- 
GANSER. 
Breeds at Breckenridge. 
Page 53. 130. Merganser serrator. Rep-preasrep MEr- 
GANSER. 
One taken by Mr. Carter in Middle Park is the first record 
west of the range in Colorado. 


Page 58. 131. Lophodytes cucullatus. Hooprp MerGanser. 
Mr. Carter has one taken June 1, 1871, near Canon City. 


Page 53. 132. Anas boschas. Marrarp. 
Taken breeding by Mr. Carter in South and Middle Parks. 


Page 53. In place of 133. Anas obscura. Brack Duck. Put 
134a. Anas fulvigula maculosa. Morriep Duck. 


Although no specimens of this duck taken in Colorado have 
been examined by the present writer, yet there can be no doubt 
that the three specimens reported really belong to this subspecies. 


Page 538. 135. Chaulelasmus streperus. GADWALL. 
Breeds in Middle Park, according to Mr. Carter. 


Page 54. 137. Mareca americana. BaA.ppartr. 
Seen by Mr. Carter in summer in Middle Park at 7,000. 


Page 54. 139. Nettion carolinensis. GREEN-WINGED THAL. 
140. Querquedula discors. BLur-wincEep TEAL. 
141. Querquedula cyanoptera. CrinNAMOoN TEAL. 
142. Spatula clypeata. SHOoVELLER. 


These four species of ducks have all been found by Mr. Car- 
ter at Breckenridge in migration, but are none of them known 
by him to breed at that altitude, though all breed in the great 


mountain parks. 
Page 55. 143. Dafila acuta. Purnranrt. 
Mr. Carter has taken Pintails in Middle Park at a little over 
7,000 feet. 
Page 55. 144. Aix sponsa. Woop Duck. 


Two occurrences near Cheyenne are reported by Mr. Bond, 
who says they are quite common in northern Wyoming. Mr. A. 
T. Allea has known several instances in the vicinity of Denver 
but none of these were in the summer. 
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Page 55. 146. Aythya americana. Repueap. 

Facts are accumulating which make it probable that this 
species will in the near future be accounted among the breeding 
birds of Colorado. Several of these birds stayed in the reservoir 
at City Park in Denver all the summers of 1898 and 1899, but 
there was nothing to indicate that they nested there. A red- 
headed duck, presumably of this species, a fine male, was shot at 
the San Luis Lakes, June 18, 1898. This species, as well as the 
Canvas-back, is known to breed from northern United States 
northward. 


Page 55. 147. Aythya vallisneria. Canvas-BAck. 
Page 55. 148. Aythya marila. Scaup Duck. 
Page 56. 149. Aythya affinis. Lusser Scaup Duck. 


These three have been taken by Mr. Carter at Breckenridge 
in migration. 


Page 56. 152. Clangula islandica. Barrow’s GOLDEN-EYE. 

Mr. Carter reports these ducks as common breeders in 
Middle Park, and that he once found them nesting at Georgia 
Pass at an altitude of 10,000 feet. As recorded by Brewer, B. N. 
O. C. IV., 1879, p. 148, Mr. Carter took in Colorado in 1876 the 
first eggs of this species known to science. 


Paae 56. 153. Charitonetta albeola. Burrin-HEAD. 

In the Carter collection is a fine male taken in Middle 
Park April 14, 1877, and a female taken May 5, 1884. Mr. 
Carter says that later in 1884, sometime in July, in Middle Park, 
he took both male and female. ‘The male was in such worn 
plumage that it was not saved. The female was kept and 
mounted, but is not now on hand. Known to breed from 
northern United States northward. 


Page 56. 154. Harelda hyemalis. O1Lp-Squaw. 

On October 16, 1898, B. Haywood killed two at Calkins’ 
Lake near Longmont. On October 23 he killed another at the 
same place. Skins of two of these are now at the capitol at 


Denver. 
Page 57. 155. Histrionicus histrionicus. Harwequin Duck. 


Mr. Carter has found it breeding in Middle Park and on the 
Blue river a little below Breckenridge at 9,200 feet altitude. 


Page 57. 165. Oidemia deglandi. Wuuire-wincep Scorer. 
One was shot on Barr Lake near Denver, November 2, 1898, 
and reported by Mr. Fenton. 
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Page 57. 166. Oidemia perspicillata. Surr Scorer. 

Two were killed at Loveland on October 31, 1899, by Mr. 
H. A. Flynn of Denver. 

A few days before, on October 22, Mr. L. B. Meek shot a fine 
male at Barr Lake near Denver. The female was with it, but 
was not secured. Three other specimens were known at the 
same place within the next week. 


Page 57. 167. Erismatura jamaicensis. Ruppy Duck. 


At Breckenridge, Mr. Carter knows them only as migrants, 
though they nest but a little lower down toward the Park. 


Page 58. 159. Chen hyperborea. Lesser SNow Goose. 
Once seen by Mr. Carter in Middle Park. 


Page 58. 169a. Chen hyperborea nivalis. GReaTER SNOW 
GOOSE. 
One was killed by Mr. John F. Campion of Denver, at 
Boyd’s Lake near Loveland, April 9, 1899. It was a female and 
is now in the capitol at Denver. 


Page 58. Add. [169. 1. Chen caerulescens. Btusr Goose. 


“Interior of North America, breeding on eastern shores of Hudson Bay 
and migrating south, in winter, through Mississippi valley to Gulf coast.”— 
(A. O. U.) “Interior of North America east of the Rocky Mountains.”— 
(Goss.) Noted from Kansas and Nebraska as not uncommon in fall and 
winter. | 


Page 58. 171la. Anser albifrons gambeli. AmrRICAN WHITE- 

FRONTED GOOSE. 

There is one in the Carter collection taken in Middle Park, 
and Mr. Carter says that in migration he has sometimes seen 
them there in quite large numbers. 

Page 58. 172. Branta canadensis. Canapa Goose. 
In migration at Breckenridge and breeds in Middle Park. 


Page 59. Add. 172c. Branta canadensis minima. Cack- 
LING GOOSE. 


There is one at the capitol in Denver, killed by Mr. John F. 
Campion at Loveland, April 10, 1898, and presented by him to 
the State Natural History Society. 


Page 59. 180. Olor columbianus. Wuristiine SWAN. 
One taken by Mr. Carter in Middle Park. 


Page 60. Add. 186. Plegadis autumnalis. Gutossy Isis, 
Accidental. A fine specimen of this bird in full plumage is 
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at Mr. A. T. Allen’s in Denver. It was shot by him near Denver 
several years ago. This is the southern form and Denver is 
many miles north of its ordinary range. Mr. Aiken writes that 
Mr. B. G. Voight of Denver shot an adult male April 12, 1898, 
along the Arkansas river, three miles west of Salida. Mr. Voight 
has the mounted specimen still in his possession. 


Page 60. 187. Plegadis guarauna. WuitE-raceD GLossy 

[zIs. 

Several more records have been received. Two specimens 
were shot on Barr Lake near Denver, October 3, 1898. Four 
were shot in the fall at Twin Lakes at an elevation of 9,000 
feet. Mr. A. T. Allen has a young-of-the-year taken near Den- 
ver. Mr. Carter has taken them in South and Middle Parks and 
at Twin Lakes, and there is a specimen at Glenwood Springs 
shot in the vicinity. These last two are the first records west of 
the range in Colorado. 


Page 60. 188. Tantalus loculator. Woop Isis. 

Mr. Carter has seen the wing and bill of one taken on the 
Blue river, twenty-five miles below Breckenridge, at about 8,000 
feet. 


Page 60. 190. Botaurus lentiginosus. AMERICAN BITTERN. 
Found by Mr. Carter breeding in both Middle and South 
Parks. 
Noted by Mr. A. D. Baker in the Wet Mountain valley at 
8,000 feet. 


Page 61. 191. Ardetta exilis. Least Birrern. 

A mounted specimen is now in Denver, taken by Mr. 
_ Rudolph Borcherdt on Berkeley Lake near Denver, June 8. 1898. 
Mr. Carter has one taken in South Park, May 14, 1875, and Mr. 
A. D. Baker has seen one in the Wet Mountain valley at over 
8,000 feet. 


Page 61. 194. Ardea herodias. Grear BLuE Heron. 


Once found by Mr. Carter, breeding in Middle Park at 
7,000 feet altitude, and it has been seen by Mr. A. D. Baker in 
the Wet Mountain valley at least a thousand feet higher. 


Page 61. Add. 196. Ardea egretta. American Earer. 


Rare or accidental in spring. Mr. C. E. Aiken writes as 
follows: “On May 12th, 1899, Mr. A. Gruber and Mr. F. 
Cikanck—taxidermists in my employ—reported seeing a single 
bird in a tall cottonwood tree five miles south of Colorado 
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Springs. As they are familiar with this species, as well as the 
more common A. candidissima, there appears no reason to doubt 
their identification. 


Page 61. 197. Ardea candidissima. Snowy Herron. 


So many records for Colorado are accumulating of this 
species that it must be counted as a regular summer visitant to 
the state, whether or not it breeds. Two more specimens are 
known from Denver; three known by Mr. Aiken at Colorado 
Springs the spring of 1899; one at Glenwood Springs the spring 
of 1898, while Mr. Carter has not only taken them in Middle 
~and South Parks, but even at Twin Lakes at 9,000 feet. A 
male and female were taken together by Mr. Carter, May 12, 
1896, on the Gunnison river. 


Page 61. Add. [201. Ardea virescens. GREEN HERON. 

“Temperate North America.”—(A. O. U.) Common summer resident 
of Nebraska and Kansas. Also known as common in the states west of Colo- 
rado. Should be noted before long from Colorado, 

Page 61. 202. Nycticorax nycticorax nevius.  BLack- 

CROWNED Nicut Heron. 

In 1875 Mr. Aiken found them breeding at the San Luis 
Lakes and secured eggs. The present writer also fuund them 
there in 1898. Mr. Carter has taken them in both Middle and 
South Parks. Mr. L. B. Gilmore saw them on Sweetwater Lake 
at 8,000 feet, which is one of the highest records for this species. 


Page 62. 205. Grus canadensis. Lirrte Brown CRANE. 


Mr. A. T. Allen has a mounted specimen, shot several years 
ago near Denver. 


Page 62. 206. Grus mexicana. SANDHILL CRANE. 

Mr. Carter has known of their breeding in Middle Park to 
about 8,000 feet, and Mr. Baker saw some November 15, 1899, 
in the Wet Mountain valley at about the same altitude. 


Page 63. Add. [208. Rallus elegans. Kutna Ratt. 


; in Goss’ “Birds of Kansas” this species is given as extending “West 
into Colorado.” There seems to be an error about this, and there is at present 
no undoubted record of this bird in Colorado. Since, however, it is a common 
species in Kansas and Nebraska, nearly to the Colorado line, we may expect 


sooner or later to have the above record verified. ] 
Page 638. 212. Rallus virginianus. Vuirornta Ratt. 

Taken by Mr. Aiken at the San Luis Lakes, June 30, 1875 
and therefore breeding there at 7,500 feet. One was brought to 
Mr. Aiken that was shot February 16, 1899, at a spring five 
miles from Colorado Springs. It was a male in good condition, 
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though this was the middle of one of the severest winters ever 
known in Colorado, with the temperature many degrees below 
zero. Several were said to have been seen, and also a smaller, 
darker kind that was probably carolina. Has been seen by Mr. 
Baker in the Wet Mountain valley at over 8,000 feet. 


Page 63. 214. Porzana carolina. Sora. 


Taken by Mr. Carter at Breckenridge, and breeds from 
Middle Park up the Blue river to about 9,000 feet. 


Page 63. Add. [215. Porzana noveboracensis. YELLOW Raitt. 
“Chiefly eastern North America, north to Nova Scotia, Hudson Bay, 

etc., less commonly west to Nevada and California.”—(A. O. U.) Thus by im- 

plication Colorado is included in its habitat, but it has not yet been found 

here. Known as not uncommon in Kansas and Nebraska. |] 

Page 63. 221. Fulica americana. AmeprRiIcAN Coor. 


Breeds in Middle and South Parks, but known by Mr. Car- 
ter at Breckenridge only in migration. 


Page 63. 223. Phalaropus lobatus. NorrHern PHALAKOPE. 


Mr. Carter saw several in Middle Park at 7,000 feet, May 26, 
1884. He has taken them at Breckenridge in migration. 


Page 63. 224. Steganopus tricolor, Wutson’s PHALAROPE. 

Two pairs were taken near Glenwood Springs during the 
spring of 1898. Mr. Carter has taken them in migration in both 
Middle and South Parks, but not at Breckenridge. On Septem- 
ver 1, 1885, he took a young-of-the-year at timber line. 


Page 64. 225. Recurvirostra americana. AMERICAN AVOCET. 

At the same places where Aiken found them breeding in 
the San Luis valley in 1875, the present writer found them 
breeding in 1898. Mr. Carter says that he has found them 
breeding in South Park, and has taken them in migration at 
Breckenridge. 


Page 64. 230. Gallinago delicata. Wuson’s SNIPE. 


Mr. L. B. Gilmore reports 1t as remaining nearly every 
winter around Sweetwater Lake at 8,000 feet. About January 
20, 1900, he saw nine at one time. It also breeds sparingly in 
that vicinity. At Breckenridge it has been noted only in migra- 
tion. 


Page 65. 233. Micropalama himantopus. StivT SANDPIPER. 
Several more records have come to hand of this rare Sand- 
piper. Mr. Aiken took one at Colorado Springs, May 14, 1884. 
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Mr. Carter has one taken at Breckenridge, and has also taken 
them years ago in both Middle and South Parks. 


Page 65. Add. (234. Tringa canutus. Kwor. 


“Nearly cosmopolitan. Breeds in high northern latitudes, but visits 
the southern hemisphere during its migrations.”—(A. O. U) Should be 
looked for in Colorado, as it has been taken in both Kansas and Nebraska. ] 


Page 65. 241. Tringa bairdii. Barrp’s SANDPIPER. 
242. Tringa minutilla. Least SANDPIPER. 
246. Ereunetes pusillus. SEMIPALMATED SAND- 
PIPER. 


All three have been taken by Mr. Carter in Middle and 
South Parks. 


Page 66. 249. Limosa fedoa. Marsiep Gopwit. 


Mr. Carter has taken them as high as Breckenridge, far 
above their ordinary range. 


Page 66. 254. Totanus melanoleucus. GRATER YELLOW- 
LEGS. 


Taken by Mr. Carter in migration in both Middle and 
South Parks, and by ‘Mr. Baker in Wet Mountain valley, at 
least to 8,000 feet. 


Page 66, 255. Totanus flavipes. YELLOW-LEGs. 


Taken by Mr. Carter in migration in both Middle and South 
Parks. 


Page 67. 256. Helodromas solitarius. Sorrrary SANDPIPER. 


Page 67. 258a. Symphemia semipalmata inornata. West- 
ERN WIULLET. 


At Breckenridge Mr. Carter has noted 1t only in migration. 


Page 67, Add. [262. Tryngites subruficollis. Burr-BREASTED SANDPIPER, 


“North America, especially in the interior.’—(A. O. U.) Known from 
Kansas and Nebraska and should be taken in Colorado. 


Page 67. 263. Actitis macularia. Sporrep SANDPIPER. 
Breeds at Breckenridge. 


Page 67. 264. Numenius longirostris. Lona-Bintep CurLEw. 


Taken by Mr. Carter at Breckenridge in migration, and 
found by him breeding in Middle and South Parks. 
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Page 68. 270. Squatarola squatarola. BLAck-BELLIED 
PLOVER. 
In Mr. Bond’s collection is a very fine specimen in fudl 
breeding plumage, taken at Cheyenne, May 21, 1898. 


Page 68. 273. Agialitis vocifera. KiipErr. 
Breeds at Breckenridge. 


Page 68. 274. Agialitis semipalmata. SEMIPALMATED 
PLOVER. 


One in Mr. Carter’s collection was shot from a large flock 
seen by him in the fall on Grand Lake in Middle Park. 


Page 68. Add. [277a. Agialitis meloda circumcincta. BrLrep Prpine 
PLOVER. 


There is one in the Bond collection, taken at Cheyenne, May 13, 
1892, but although this is so close to Colorado, and it is known in both Kan- 
sas and Nebraska, yet up to the present time it has no record for this State. ] 
Page 68. Add. [278. Agialitis nivosa. Snowy PLover. 


“Western United States, from California east to Kansas and western 
Gulf States.’—(A. O. U.) Surely this ought to include Colorado, but it has 
no record here as yet. | 


Page 68. 281. Agialitis montana. Mounrarin PLOVER. 


Mr. Carter has never seen them at Breckenridge, even in 
migration, but has found them breeding in South Park. 


Page 69. 283. Arenaria interpres. TURNSTONE. 


Eight of these birds were killed on Berkeley Lake near 
Denver, May 18, 1900, and four of them, two males and two 
females, were mounted by Mr. Rudolph Borcherdt. 


Page 69. 289. Colinus virginianus. Boxn-wHITE. 


Introduced about 1891 near Grand Junction and still occurs 
there, but not in anywhere near the numbers of the California 
Partridge. They occur in the Wet Mountain valley to at least 
8,000 feet. They are native and not uncommon at Wray, in 
eastern Colorado on the plains. 


Page 69. Add. [289b. Colinus virginianus texanus. Texan Bos-wHirTe. 


As its name implies, this is a Texas species, inhabitating southern and 
western Texas. It has been taken in southwestern Kansas. If it occurs any- 
where in Colorado it would be in the extreme southeastern corner, along the 
Cimarron river. No ornithologist has ever penetrated this part of Colorado, 
which undoubtedly holds many new records for the fortunate one that ex- 
plores it. It is fair to presume that of the dozen or fifteen species known to 
occur along the Cimarron a little further east, that have not yet been taken 
in Colorado, that several follow it up occasionally into this State. Whoever 
goes into that country should seek especially for the Lesser Prairie Hen, the 
Texan Bob-white, and settle definitely whether the Turkey of that region is 
the eastern form. So far as is known to the present writer, all of the Turkeys 
in the various collections in the State are referable to the Mexican form. 
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Page 69. 293. Callipepla squamata. ScALED PARTRIDGE. 


A queer state of affairs has come to light in regard to the 
occurrence of this species in Colorado, that shows strongly how 
much there is yet to be learned about Colorado ornithology. In 
1895 W. P. Lowe gave in the Auk the first published record of 
this species for Colorado. It was considered a rare specimen and 
extended the known range nearly three hundred miles north- 
eastward. Two years ago a specimen was sent to the present 
writer that was taken at Rocky Ford, but was supposed to have 
been introduced there. Now it has become known that they are 
common among the cedars on the higher arid lands back from 
the river and miles away from water. The cowboys that rode 
the range at least sixteen years ago, report that they were more 
plentiful there then than they are now. Lately they have been 
working toward the cultivated lands along the river, and during 
the winter of 1899-1900 they have become, in the vicinity of 
Rocky Ford, more common than the Bob-white. The Scaled 
Partridge should therefore be considered as resident ; common 
locally. 


Page 69. 294. Lophortyx californicus. CaLirorRNia Parrt- 

RIDGE. 

A few years ago nearly a thousand of these birds were 
turned loose at Grand Junction. They have thriven wonderfully 
and the country now is full of them. They average two broods 
per year and the market gardeners claim they are a nuisance in 
their vegetable gardens. 


Page 70. 295. Lophortyx gambelii. Gampet’s PARTRIDGE. 


Page 70. 297. Dendragapus obscurus. Dusky GROUSE. 
Breeds at Breckenridge. 


Page 70. 3800b. Bonasa umbellus umbelloides. Gray 
RurFED GROUSE. 


_ At last the present writer has had the good fortune to see 
this bird with his own eyes. <A family of old and young were 


seen August 12, 1899, on South Fork in Estes Park, at 9,000 feet 
elevation. 


Page 70. 304. Lagopus leucurus. WuuTE-TaILED PraRMIGAN, 
Breeds at Breckenridge. 


Page 71. 305. Tympanuchus americanus. Prarrie Hen. 
_. Resident. Further records of this species allow us now to 
include it among the breeders. Mr. Otto Derr writes that at 
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Wray the Prairie Hen is not an uncommon breeder, occurring 
there with the Sharp-tailed Grouse and Bob-white. 


Page 71. 308b. Pedicecetes phasianellus campestris. 
PRAIRIE SHARP-TAILED GROUSE. 
Mr. Carter says that they breed in Middle Park, but only in 
the lower parts, not above 7,500 feet. In winter they have been 
noted up to 9,500 feet. 


Page 71. 309. Centrocercus urophasianus. Sacer Grouse. 

The highest that Mr. Carter has found them breeding is at 
Dillon, about 9,000 feet. In their migration, or more properly, 
wanderings, he has taken them at Breckenridge, and has even 
seen them crossing the main range at 14,000 feet. 


Page 71. 310a. Meleagris gallopavo fera. Witp TuRKEY. 

As late as 1898 Turkeys were seen in Wet Mountain valley, 
and though they are entered here as belonging to the eastern 
form this is without sure proof, and the line in Colorado separat- 
ing the two forms has not yet been settled. 


Page 72. 310. Meleagris gallopavo. Mrxican TurKEY. 

The Turkey in Mr. Carter’s collection is a well marked 
specimen of the western bird, though taken on the Atlantic slope 
in South Park in January, 1878. 


Page 72. 312. Columba fasciata. BANbD-TAILED PIGEON. 

Mr. Carter has found them nesting in South Park, but has 
never seen them at Breckenridge. The present writer saw a 
flock of eight at Mary’s Lake in Estes Park in August, 1898, and 
a single bird at the same place the next August. 


Page 73. Add. [315. Ectopistes migratorius. PassENGER PIGEON. 


“Bastern North America, from Hudson Bay southward, and west to 
the Great Plains, straggling thence to Nevada and Washington.”’—(A. O. U.) 
It would be strange if the true eastern Pigeon did not occur occasionally in 
Colorado, and it has several times been reported here. All of these records 
or statements, when followed up, prove to be the Band-tailed Pigeon. ] 


Page 73. 316. Zenaidura macroura. MourninG Dove. 
Breeds at Breckenridge. 


Page 73. 319. Melopelia leucoptera. WHITE-WINGED Dove, 

One was shot by Mr. A. D. Baker in the Wet Mountain 
valley in September, 1899. This is the fourth record for Colo- 
rado, and makes it probable that the bird is not a mere straggler 
to the State. 
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Page 73. Add. [826, Catharista urubu. Bruack VULTURE. 

“South Atlantic and Gulf States, * * * west to the Great Plains, * * * 
straggling north to South Dakota.”—(A. O. U.) Has been taken in. western 
Kansas and probably will some time be found as a rare summer visitant in 
southeastern Colorado. | 
Page 73. 331. Circus hudsonius. Marsn Hawk. 


Breeds to at least 8,000 feet, near Breckenridge. 


Page 74. 332. Accipiter velox. SHARP-SHINNED Hawk. 
Breeds at Breckenridge. 


Page 74. 333. Accipiter cooperi. Cooprr’s Hawk. 


Not known by Mr. Carter to breed at Breckenridge, though 
not uncommon as a breeder a little lower in Middle Park. 


Page 74. 334. Accipiter atricapillus. AmeRICAN GOSHAWK. 
Occurs at Breckenridge both in summer and in winter. 


Page 74. 334a. Accipiter atricapillus striatulus. WrsTERN 

GOSHAWK. 

One was shot at Sweetwater Lake, Garfield county, February 
12, 1898, by Mr. J. T. Meirer, and identified by the Smithsonian. 
Two others were seen later. One was taken near Colorado 
Springs in winter, and is now in Mr. Aiken’s collection. Mr. 
Carter has quite a collection of Goshawks taken in the vicinity 
of Breckenridge, largely intermediates, but nearly half of them 
would be classed under the head of striatulus. 


Page 75. 337b. Buteo borealis calurus. Western ReEp-TAIL. 
Page 75. 342. Buteo swainsoni. Swarnson’s Hawk. 


Page 75. 348. Archibuteo ferrugineous. FErRRuGrNous RouGH- 
LEG. 


Page 75. 349. Aquila chrysaetos. GoLpEN EaGue. 


These four are represented in the Carter collection and all 
breed at Breckenridge. 


Page 76. 352. Halizetus leucocephalus. Batp Haare. 


Mr. Carter has known of its breeding at Breckenridge and 
nearly to 10,000 feet. 


Page 76. 360. Falco sparverius. American Sparrow Hawk. 

A Sparrow Hawk in the collection of the Agricultural Col- 
lege at Fort Collins, taken on the plains near there, is referable 
to the eastern form, but shows a tendency toward the western. 
Of five adult birds in Mr. Carter’s collection, taken in the moun- 
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tains, two are eastern and three western. One of the eastern 
birds was taken east of the range and the other west. 


Page 76. Add. 360a. Falco sparverius deserticolus. 
Desert SPARROW Hawk. 
Resident. Two adult males and one adult female in Mr. 
Carter’s collection are clearly referable to the western form. They 
were taken in Middle and South Parks. 


Page 77. 364. Pandion haliaetus carolinensis. AMERICAN 
OSPREY. 
Mr. Carter has seen them at Breckenridge, and knows of 
their nesting as high as 8,500 feet, on the Blue river. 


Page 77. 365. Strix pratincola. AmmriIcaAN BARN Owl. 

One has been seen by Mr. A. D. Baker in the Wet Mountain 
valley. An adult female was shot at Rocky Ford in June, 1898, 
and is now in the collection of A. J. Dean. 


Page 77. 366. Asiowilsonianus. AMERICAN LONG-EARED 
OwL. 
Common near Breckenridge. 


Page 77. 367. Asie accipitrinus. SHort-EARED OWL. 
Has been taken at Breckenridge in winter. 


Page 77. Add. 368. Syrnium nebulosum. Barrep OWL. 

Resident. A common species of eastern United States, west 
to Nebraska and Kansas, now first added to Colorado birds by 
the following note from Mr. C. E. Aiken: 

“In March, 1897, Mr. B. G. Voight found a pair of these 
Owls breeding near Holyoke, in the northeast corner of the state. 
Two eggs, somewhat incubated, and one of the birds were 
secured.” 


Page 77. 371. Nyctala tengmalmi richardsoni. Ricuarp- 
sON’s OWL. 
A second specimen for Colorado is the one taken by Mr. 
Carter at Breckenridge, December 28, 1882, and now in his col- 
lection. 


Page 77. 372. Nyctala acadica. Saw-wHeT Ow. 

Mr. Carter’s collection contains an adult taken at Brecken- 
ridge and also a young-of-the-year taken there August 10, 1884. 
Though Mr. Carter has seen no nests at Breckenridge, there can 
be little doubt that they breed there. 
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As the present writer was working on this part of this bullo- 
tin, January 31, 1900, one of our students caught a fine specimen 
in his hands in one of the evergreens near the main College 
building. 

Page 78. 374. Megascops flammeola.  ILAMMULATED 

ScREECH OWL. 


Nine new records for Colorado and four instances of breed- 
ing can be added to the fourteen previous specimens known. P. 
L. Jones reports one found dead May 1, 1898; a female and two 
fresh eggs that proved infertile, June 27, 1898; a young male 
caught by a cat, September 12,1898; a female and three eggs 
incubated about four days, June 5,1899. All four cases were 
near Beulah, at less than 7,000 feet. Capt. D. B. Ingraham re- 
ports finding a female and two fresh eggs June 2, 1898, and two 
days later a female and two slightly incubated eggs, the latter 
within a hundred vards of where a female and three eggs were 
taken in 1897, near Beulah. Mr. C. E. Aiken reports two more 
specimens from Colorado Springs; one of these, taken on 
Fountain Creek, is the first summer specimen for the plains. 
There is one in the Carter collection, taken at Breckenridge, 
October 4, 1894. These make twenty-three records for Colorado 
and ten instances of nesting. 


Page 80. 375b. Bubo virginianus arcticus. Aroric Hornep 

OwL. 

Mr. Aiken reports a fine specimen killed near Colorado 
Springs, November 28, 1898. Another one said to have been 
seen. ‘These notes of course refer to the lighter mountain form. 

Up to the time of the issue of this bulletin, the A. O. U. has 
come to no conclusion in regard to what name shall be applied 
to this variety. 

Horned Owls are common at Breckenridge, but in Mr. 
Carter’s quite extensive series there are none of the lighter form. 


Page 80. 376. Nyctea nyctea. Snowy Owt. 


Has been reported to Mr. Carter as taken near Breckenridge. 
The most southern record to date in Colorado is one known by 
Mr. Baker to have been seen in the Wet Mountain valley. 


aA 378. Speotyto cunicularia hypogea. Burrowrng 
WL. 


One in the Carter collection, taken in Middle Park. 


Page 81. 379. Glaucidium gnoma. Pyemy Owt. 
Mr. Carter reports it as breeding at Breckenridge. 
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Page 81. 385. Geococcyx californianus. Roap-RUNNER. 

There is one in the Carter collection that was taken on the 
Arkansas above Canon City. Mr. Carter saw one several years 
ago near Littleton, which is the most northern record for the 
State. 


Page 82. 387a. Coccyzus americanus occidentalis. Ca - 
FORNIA Cuckoo. 


Taken by Mr. Carter in Middle Park. 


Page 82. 390. Ceryle alcyon. Bertrep KINGFISHER, 

Mr. L. B. Gilmore records one that wintered in 1897-8 near 
the outlet of Sweetwater Lake, at sbout 8,000 feet. 

Breeds at Breckenridge. 


Page 82. 393e. Dryobates villosus monticola. Rocky 
Mountain Hairy WoopPECKER. 
This the present name given to the common form that 
occurs in Colorado. Breeds at Breckenridge. 


Page 82. 3894c. Dryobates pubescens medianus. Downy 
WOODPECKER. 
If the eastern form really occurs in Colorado, it would be of 
this subspecies. 


Page 83. 394b. Dryobates pubescens homorus. BartcHEr- 
DER’S WOODPECKER. 

Page 83. 401b. Picoides americanus dorsalis. ALPINE 
THREE-TOED WOODPECKER. 

Page 83. 402a. Sphyrapicus varius nuchalis. Rep-NAPED 
SAPSUCKER. 

Page 84. 404. Sphyrapicus thyroides. Wuibiiamson’s Sap- 
SUCKER. 
The last four species are all represented in Mr. Carter’s col- 

lection, and have been taken by him as breeders at Breckenridge. 


Page 84. 405a. Ceophlceus pileatus abieticola. NorrHEeRN 
PILEATED WOODPECKER. 
This becomes now the name of the Colorado bird. 


Page 84. 406. Melanerpes erythrocephalus. RED HEADED 
WOoDPECKER. 
Taken at Breckenridge by Mr. Carter, but not known to 
breed there. 
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Page 84. 408. Melanerpes torquatus. Lewis's WOODPECKER. 


The statement of breeding for this species is a misprint. It 
should be: Breeds late in May. In calling attention to the 
error, Mr. Walter Blanchard of Boulder, writes that the earliest 
eggs he has known at Boulder were May 10, and the latest, June 
14. Mr. Carter has seen the birds at Breckenridge, but does not 
know of their nesting there. 


Page 84. 409. Melanerpes carolinus. Rep-BeLtiep Woop- 
PECKER. 


One was taken by Mr. C. E. Aiken near Limon in May, 
1899. 
Page 85. 412a. Colaptes auratus luteus. Norruern 
FLICKER. 
It is probable that the Colorado bird should be referred to 
this form. 
Page 85. 413. Colaptes cafer. Rep suarrep FLICKER. 
Breeds at Breckenridge. 


Page 85. 418. Phalznoptilus nuttallii. Poor-wi Lt. 
Mr. Carter reports their breeding in Middle Park. 

Page 85. 420a. Chordeiles virginianus henryi. WrSTERN 
NIGHTHAWK. 


Page 86. 425. Aeronautes melanoleucus. WHITE-THROATED 
SwIrt. 


Both these last two breed at Breckenridge. 
Page 86. 429. Trochilus alexandri. Brack-cHinNeD Hum- 
MINGBIRD. 
Mr. Wm. Cross took a fine male at Glenwood Springs in 
1898. This is the most northeasterly record to date. 
Page 85. 432. Selasphorus platycercus. Broapb-TAILED 
HUMMINGBIRD. 
Breeds at Breckenridge. 


Page 86. 433. Selasphorus rufus. Rurous Hummrnapirp, 


One was taken by Mr. Carter at Breckenridge, and it 
probably breeds there, though he has never found its nest. 


Page 87. 436. Stellula calliope. Carriope Huminaprep. 


_ One of the most surprising specimens in Mr. Carter’s collec- 
tion 1s a fine Calliope Hummer taken near Breckenridge, June 
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30, 1882, at an altitude of about 9,500 feet. This is the second 
record for Colorado. 


Page 87. 444. Tyrannus tyrannus. Kuinapirp. 
Breeds in Middle Park, according to Mr. Carter. 


Page 87. 447. Tyrannus verticalis. Arkansas KinGpirp. 


Mr. Carter has seen them at Breckenridge in migration, and 
knows of their breeding in Middle Park. 


Page 87. 448. Tyrannus vociferans. Cassrn’s Kincprrp. 


Occurs in migration at Breckenridge and breeds only a 
little lower, nearly to 9,000 feet. 


Page 87. 454.  Myiarchus cinerascens. ASH-THROATED 
FLYCATCHER. 


The known northeastern range of this bird has been con- 
siderably extended by a specimen in the Bond collection, taken 
at Cheyenne, Wyoming, June 6, 1896. 


Page 88. 457. Sayornis saya. Say’s PH@pe. 


Mr. Carter has taken it at Breckenridge, but does not know 
of its breeding there. 


Page 88. 459. Contopus borealis. OLive sIDED FLYCATCHER. 

Page 88. 462. Contopus richardsonii. Western Woop 
PEWEE. 

Page 88. 464. Empidonax difficilis. Wrstern FLYCATCHER. 

Page 88. 466. Empidonax traillii. TRatii’s FrycaTcHer. 
Of these four, the first three breed at Breckenridge, while 

the last occurs there in migration, but has not been noted 

breeding. 


Page 89. 468. Empidonax hammondi. Hammonp’s FLy- 
CATCHER. 
Known by Mr. Carter to breed as high as Dillon at 9,000 
feet. 


Page 89. 469. Empidonax wrightii. WriGcuHT’s FLYCATCHER, 
Occurs at Breckenridge in migration, but not known by Mr. 
Carter to breed there. 


Page 89. 474c. Otocoris alpestris arenicola. DESERT 
Hornep Lark. 
During February, 1899, Colorado experienced the most 
severe weather on record. Along the foothills from Fort Collins 
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to Colorado Springs the mercury fell to thirty below zero F. or 
lower. For two weeks or more, countless thousands of the 
Horned Larks flocked into the towns in search of food, and many 
thousands died of cold and hunger. Around the flour mills and 
elevators they came in clouds. Many persons made special pro- 
vision for feeding them, one man giving them more than three 
thousand pounds of grain. Mr. Carter ascribes to this form the 
birds that breed at Breckenridge. 


Page 89. 475. Pica pica hudsonica. American Maepre. 


Mr. Carter found them at Breckenridge breeding almost to 
timber line, at 10,500 feet. 


Page 90. 478b. Cyanocitta stelleri macrolopha. Lona- 
CRESTED JAY. 


At Boulder, Mr. Blanchard has taken the earliest sets of eggs 
May 11, 1896, May 15, 1897, and May 10, 1898. 
Mr. Carter notes their breeding at Breckenridge. 


Page 90. 484a. Perisoreus canadensis capitalis. Rocky 
MountTaIN JAY. 

Page 91. 486. Corvus corax sinuatus. AMERICAN RAVEN. 
Both breed at Breckenridge. 


Page 91. 487. Corvus cryptoleucus. WHITE-NECKED RAVEN. 
There is one in the Carter collection, taken at Dillon in the 


fall of 1872. At that time they were quite common, Mr. Carter 
says, but have since disappeared. 

One was seen by Mr. A. D. Baker in the Wet Mountain 
valley a few years ago. Mr. C. E. Aiken learned at Limon, out 


on the plains east of Colorado Springs, that one was seen there 
about ten years ago. 


Page 92. 488. Corvus americanus. American Crow. 


Has been taken by Mr. Carter at Breckenridge, but is not 
known to breed there. Usually seen singly. 


Page 92. 491. Nucifraga columbiana. CrarKkr’s Nur- 
CRACKER. 


Breeds at Breckenridge. 


Page 93. 492. Cyanocephalus cyanocephalus. Pinon Jay. 


Mr. Carter has. seen them at Breckenridge in the fall, but 


during the summer season has not found them there or in either 
Middle or South Park, 
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Page 98. 494. Dolichonyx oryzivorus. BoporinK. 

To the few records of this bird in Colorado Mr. Carter now 
adds two more. One was taken in Middle Park May 20, 1884, 
at 7,000 feet, and one taken in South Park May 21, 1876, at 
about 8,000 feet. These are farther west and at a higher altitude 
than any previous Colorado records. Mr. C..E. Aiken saw a 
female at Limon in May, 1899. . 


Page 93. 495. Molothrus ater. Cowsirp. 
Page 93. 497. Xanthocephalus xanthocephalus. YELLow- 
HEADED BLACKBIRD. 
Page 94. 498. Agelaius pheeniceus. Rep-wincep Brack- 
BIRD. 
All three of these Blackbirds have been found by Mr. Carter 
breeding in Middle and South Parks, and all have been taken at 
Breckenridge, but only in migration. 


Page 94. 4501b. Sturnella magna neglecta. WersTERN 
MEADOWLARK. 
Breeds at Breckenridge. 


Page 95. 508. Ieterus bullocki. Buttocx’s ORIOLE. 


Seen by Mr. Carter in Middle Park, but contrary to what 
would be expected, he has never seen it at Breckenridge. 


Page 95. 510. Scolecophagus cyanocephalus. Brewer’s 
BLACKBIRD. 
Breeds at Breckenridge. 


Page 95. 514a. Coccothraustes vespertinus montanus. 

WESTERN EVENING GROSBEAK. ; 

The record is now complete for Colorado for every month in 
the year. They had been seen in the State from the first week 
in August until late in May. On June 19, 1898, Mr. C. E. Aiken 
found a flock of twenty-five to thirty birds in the foothills near 
Colorado Springs. He killed five males. The testicles of each 
were the size of a bean, and it was evident that the birds were 
breeding in the mountains and had come down to feed on the 
insect larve that were ravaging the young oak leaves. The year 
is completed by the record of Mr. L. A. Test of the Agricultural 
College at Fort Collins, who on July 22, 1899, and again the 
next day, in Estes Park, saw a party of eight, apparently three 
old birds and five young ones. Mr. P. L. Jones of Beulah reports 
that during May and June, 1898, these birds were constantly 
around his premises. Late in June he saw a flock of seventeen, 
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composed of male and female and some birds which seemed to 
to be young-of-the-year, but were not captured for certain identi- 
fication. 

On the strength of these records this species will be classed 
as resident in Colorado. 


Page 96. 515a. Pinicola enucleator montana. Rocky 
MounTAIN PINE GROSBEAK. 


Breeds at Breckenridge. 


Page 96. 518. Carpodacus cassini. Cassin’s PurpLE FIncu. 

An abundant breeder at Breckenridge. Mr. Carter once 
found a male in immature plumage breeding with a mature 
female. 


Page 97. 52la.  Loxia curvirostra stricklandi. Mexican 

CROSSBILL. 

A female or young-of-the-year male was seen by the present 
writer at Lamar, July 15,1898. It seemed in perfect health and 
was probably an accidental wanderer who found himself here on 
the plains, one hundred and fifty miles east of the foothills. 
Breeds at Breckenridge. 


Page 97. 524. Leucosticte tephrocotis. GRAY-CROWNED 
LEUCOSTICTE. 


Page 98. 524a. Leucosticte tephrocotis littoralis. | HrEp- 
BURN’S LEUCOSTICTE. 


Page 98. 526.  Leucosticte australis. | BRowN-cApPED 
LEUCOSTICTE. 


Page 98. 528. Acanthis linaria. Reppo.t. 
All four of these species have been taken in migration at 


Breckenridge by Mr. Carter, while the Brown-capped Leucosticte 


is an abundant breeder on the mountain tops above Brecken- 
ridge. 


Page 98. 229. Astragalinus tristis. AMERICAN GOLDFIN CH 


Mr. Carter considers this a rare bird at Breckenridge, where 
he has seen it only in migration. 


Page 99. Add. 529a. Astragalinus tristis pallidus. WrsTreRn 
GOLDFINCH. 

_ Migratory ; probably common. It is undoubtedly a summer 
resident, but until this fact is definitely ascertained it will be 
classed among the migrants according to the present record. 
Added to Colorado birds by Mr. C. E. Aiken, who writes: 
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“This paler Western Goldfinch occurs in Colorado as well as 
the typical eastern form to which all have heretofore been re- 
ferred. Iam not able at present to define their relative range or 
abundance with certainty. Pallidus is an early spring migrant 
along the eastern base of the mountains, and quite likely may be 
the alpine breeder. Tristis probably is a summer visitor from 
the southeast, occupying the plains to the base of the mountains. 
I have obtained both forms at Colorado Springs, and tristis one 
hundred miles eastward. Examples of both forms, which I 
recently sent to the American Museum of Natural History, have 
been kindly identified by Mr. Chapman with the concurrence of 
Dr. Allen.” 


Page 99. 530. Astragalinus psaltria. ARKANSAS GOLDFINCH. 
Mr. Wm. Cross found this form breeding at Glenwood 


Springs during the summer of 1898. Mr. Aiken saw a very early 
flock at Colorado Springs May 13, 1898. 


Page 99. 530a. Astragalinus psaltria arizonze. ARIZONA 
GOLDFINCH. 
Found by Mr. Wm. Cross breeding at Glenwood Springs 
during the summer of 1898. This is the most northwestern 
record in Colorado. 


Page 99. Add. 530b. Astragalinus psaltria mexicanus. MeEx- 

ICAN GOLDFINCH. 

One taken by Mr. A. T. Allen in Denver and identified by 
Prof. J. A. Allen. There is also one in Mr. C. E. Aiken’s collec- 
tion taken near Colorado Springs. Near Trinidad, in June, 1898, 
the present writer is very sure that he saw two of them, though 
he failed to secure either of them. ‘The species is entered as seen 
in summer but not known to breed. This is according to the 
present record, but it is with the belief that the species occurs at 
Trinidad as a regular summer resident. 


Page 99. 533. Spinus pinus. Pine SIsKIN. 

One of the few nests ever found on the plains is the one 
taken by Mr. F. M. Dille in the outskirts of Denver during the 
summer of 1898. Mr. Carter has taken it at Breckenridge. 


Page 99. 000. Passerdomesticus. European House 
SPARROW. 
Miss Myra Eggleston reports that they 1eached Grand 
Junction during the fall of 1899, a flock of a dozen being seen. 
This is the first record for Colorado west of the range, and there 
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is nothing to indicate whether these birds reached Grand 
Junction from eastern Colorado or have come eastward from 
Utah. The distance is less from where they occur in Utah, and 
the mountain passes much lower. 


Page 100. 534. Passerina nivalis. SNOWFLAKE. 


Mr. Carter took one December 28, 1894, between Brecken- 
ridge and Middle Park at about 8,000 feet. 


Page 100. 536a. Calcarius lapponicus alascensis. ALASKAN 

LONGSPUR. 

This is the new name for the form of the Lapland Longspur- 
that occurs in Colorado. It was seen but once by Mr. Carter at 
Breckenridge, where he took one, March 21, 1894, in the midst 
of a snowstorm. One nas been seen by Mr. Baker in the Wet 
Mountain valley at over 8,000 feet. 


Page 101. 540a. Pocecetes gramineus confinis. WrsTERN 
VESPER SPARROW. 

Page 101. 542b. Ammodramus. sandwichensis alaudinus. 
WESTERN SAVANNA SPARROW. 


Both breed at Breckenridge. 


Page 102. Add. 548. Ammodramus leconteii. LeContTE’s 
SPARROW. 

_ The rarest find in the Carter collection is a specimen of this 
Sparrow, taken at Breckenridge October 24, 1886. This is the 
first record for Colorado, and its occurrence in the mountains 
three hundred miles west of its usual prairie home is of course 
accidental. This is the only record in the United States west of 
the main range, except the one noted by Merrill, Auk, XV. 1898, 
p. 16, taken in Idaho. Though Merrill’s bird was reported first, 
Carter’s was taken many years the earlier. 


Page 102. 552a. Chondestes grammacus strigatus. West- 
mRN Lark SPARROW. 
Breeds at Breckenridge. 


Page 102. 553. Zonotrichia querula. Harnis’s SPARROW. 
et Mee a 
The second record for Colorado of this bird is the one seen 
by the present writer at Holly, May 10, 1898. It was migrating 
m company with White-crowned Sparrows. 
Page 102. 554. Zonotrichia leucophrys. WHITE-cRowNnED 
SPARROW. 


Breeds at Breckenridge. 
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Page 103. 559a. Spizella monticola ochracea. WusTERN 
TREE SPARROW. 


Occurs at Breckenridge in migration. 


Page 103.  560a. Spizella socialis arizonz.  Wesrern 
CHIPPING SPARROW. 


Breeds at Breckenridge. 


Page 104. Add. [563a. Spizella pusilla arenacea. Wrstern Firnp 
SPARROW. 


“Great Plains, from Texas to Montana and Dakota.”—(A. O. U.) A 
common summer resident of Kansas and Nebraska. Undoubtedly occurs on 
the plains of extreme eastern Colorado, but has not yet been reported. ] 

Page 104. 566. Junco aikeni. WHurITE-wINGED JuNco. 
Page 105. 567b. Junco hyemalis connectens. SHureLpt’s 

JUNCO. 

Both taken at Breckenridge in migration. 


Page 105. Add. 567.1. Junco montanus. Monrana Junco. 

This new form was recently described by Mr. Ridgway, who 
writes: “In our somewhat extensive series of Junco montanus, I 
find only one specimen from Colorado. This is a female, No. 
109,943, U.S. N. M., collected at Pueblo, October 29, 1886, by 
C. W. Beckham. ‘There are several examples from New Mexico 
and Arizona; all fall and winter birds.” Mr. C. E. Aiken took 
this form at Ramah in February, 1899. He also has several 
specimens in his collection taken March 2, March 27 and 
October 25. The species therefore stands in the Colorado list as: 
Winter visitant, not uncommon; arrives the last of October and 
remains until late in March. 


Page 105. 559. Junco caniceps. GRAyY-HEADED JUNCO. 

Breeds abundantly at Breckenridge, and in 1898 one 
nested under the eaves of Mr. Carter’s house. A very late 
record for the plains was one taken by Mr. C. E. Aiken at Limon 
on May 25, 1899. 


Page 106. 573a. .Amphispiza bilineata deserticola. Dxsrrr 

SPARROW. 

This is the name now given to the bird that was formerly 
entered as the Black-throated Sparrow. Mr. P. L. Jones reports 
finding a nest with young near Canon City in 1888. This is the 
only time he saw the bird there in five years’ residence. 


Page 106. Add. [578, Peuczea cassini. Cassin’s SPARROW. 


“Central and western Kansas, southward and westward through Texas, 
New Mexico, Arizona and southern Nevada.’”—(A. O. U.) It would be difficult 
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to have any bird a rather common summer resident over the western half 
of Kansas, also common in New Mexico at-the same season, and not have it 
occur in southeastern Colorado. But up to the present time no one has found ~ 
it in this State. ] 
Page 107. 581b. Melospiza fasciata montana. Mountain 
Sone SPARROW. 
Mr. Carter has taken it at Breckenridge only in migration. 
On the Blue river, at 7,500 feet, he took the nest and eggs July 
5, 1877. He has never known it to nest above 8,000 feet. 


Page 107. 583. Melospiza lincolni. Lincoin’s Sparrow. 
Breeds at Breckenridge. 


Page 107. 585c. Passerella iliaca schistacea. S1are- 

COLORED SPARROW. 

A mounted specimen in Mr. Carter’s collection was taken 
near the mouth of the Blue river in Grand county, July 5, 1877, 
at nearly 7,000 feet. This is one more summer record for Colo- 
rado, and the highest altitude at which it has yet been reported. 


Page 108. 588a. Pipilo maculatus megalonyx. SpurRED 
TOWHEE. 
Mr. Blanchard has found some eggs at Boulder as early as 


May 10. Mr. Carter has found it breeding nearly to Brecken- 
ridge. 


Page 108. 592.1. Oreospiza chlorura. GREEN-TAILED TOWHEE. 
This is the new number given to this species, hence it 
should come just after Abert’s Towhee. 


Mr. Carter has found it breeding as far up as Dillon, at 
9,000 feet. 


Page 108. 596. Zamelodia melanocephala. BLAcK-HEADED 
GROSBEAK. 


Found by Mr. Carter breeding in Middle Park and on the 
Blue river up to 8,500 feet. 


Page 109. 597a. Guiraca czerulea lazula. Western Biur 
GROSBEAK. 


Page 109. 598. Cyanospiza cyanea. Inpico Buntina. 

Mr. Wm. Link saw several at Fort Collins about the middle 
of May, 1900. One was taken and is now mounted. - They 
stayed round the premises for several days, and Mr. Link 


thought he saw three of them again in his yard May 30. This 
is the third record for Colorado. Aa 
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Page 109. 599. Cyanospiza ameena. Lazu Bunrina. 


Mr. Carter has not found it breeding higher than Middle 
Park. 


Page 109. 604. Spiza americana. Dickcisset. 


Mr. P. L. Jones of Beulah, reports finding the nest and eggs 
at Canon City in 1890. He saw the birds there during several 
years. 


Page 109. 605. Calamospiza melanocorys. Larx Bunr- 
ING. 
Found by Mr. Carter breeding at Dillon at 9,000 feet. 


Page 110. 607. Piranga ludoviciana. Lovurtstana TANAGER. 
Breeds at Breckenridge. 


Page 110. 608. Piranga erythromelas. Scarier TANAGER. 


One was reported to Mr. C. E. Aiken as seen at Limon in 
May, 1899. 


Page 110. 611. Progne subis. PurpLte Martin. 


Miss Myra Eggleston writes that Purple Martins are common 
at Grand Junction, but do not breed in town, preferring the banks 
of the river not far distant. 


Page 110. 612. Petrochelidon lunifrons. Crirr Swatrow. 
Page 111. 613. Hirundo erythrogaster. Barn Swartow. 
Page 111. 614. Tachycineta bicolor. TREE Swatiow. 


Page 111. 615. Tachycineta thalassina. ViIoLET-GREEN 
SwaALLow. 
All these four breed in the mountains, though Mr. Carter 
has never seen the Tree Swallow breeding quite as high as 
Breckenridge, where the others are common. 


Page 111. 618. Ampelis garrulus. Bonemran Waxwina. 
Seen at Breckenridge in winter. 


Page 112. 621. Lanius borealis. NorTHERN SHRIKE. 


Page 112. 622a. Lanius ludovicianus excubitorides. Wuirr- 
RUMPED SHRIKE. 
Both of thése have been taken by Mr. Carter, either at or 
near Breckenridge. 
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Page 112. 624. Vireo olivaceus. Rep-kyED VIREO. 


The Bond collection at Cheyenne, Wyoming, contains a 
specimen taken there May 26, 1889, and Rev. F. N. White saw 
one there May 20, 1899. 


Page 112. 627. Vireo gilvus. Warsiinc VIREO. 


Page 112. 629b. Vireo solitarius plumbeus. PLUuMBEOUS 
VIREO. 


Both these species breed at Breckenridge. 


Page 112. Add. [630. Vireo atricapillus. BLACK-CAPPED VIREO. 

“Central and western Texas, from the Rio Grande north to south- 
western Kansas.”—(A. O. U.) Should be found along the Cimarron river in 
southeastern Colorado.] 

Page 112. Add. [631. Vireo noveboracensis. WHITE-EYED VIREO. 

“Eastern United States, west to the Rocky Mountains.”—(A. O. U.) This 
should include Colorado, but there is no record known to the present writer 
from this State.] 

Page 112. Add. [633. Vireo bellii. Brtx’s Virzo. 


“Upper Mississippi valley and Great Plains.’-—(A. O. U.) ‘From 
Illinois and Minnesota west to the eastern base of the Rocky Mountains.”— 
(Goss.) “Inhabits the middle parts of the United States, from [Illinois and 
Minnesota west to the foothills.” —(Lantz.) 

One would suppose from these statements that it was not uncommon in 
Colorado, and possibly it is not, but there is no record for it here up to the 
present time.| 


Page 113. 644. Helminthophila virginiz. |§VirGINnia’s 
WARBLER. 


Taken by Mr. Carter in both Middle and South Parks, 
where it breeds. Also taken by Mr. C. E. Aiken in May, 1899, 
at Limon, far out on the plains. 


Page 113. 647. Helminthophila peregrina. TrnneEssrr 
WARBLER. 


There is one in the Bond collection, taken at Cheyenne, 
Wyoming, May 24, 1888. 


eas was taken by Mr. C. E. Aiken near Limon in May, 


Page 114. 648. Compsothlypis americana. Parura 
WARBLER. 


The known northern range of this species is extended nearly 
two hundred miles by a specimen taken at Cheyenne, Wyoming, 
May 30, 1888, and now in the Bond collection. 


Page 114. 652. Dendroica estira. Yrttow WARBLER. 
Breeds in Middle Park and at Breckenridge. 
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Page 115. 656. Dendroica auduboni. AvupuBon’s WARBLER. 
Breeds at Breckenridge. 


Page 115. 661. Dendroica striata. Bruack-pott WARBLER. 

There is a specimen taken by Mr. Bond at Cheyenne, 
Wyoming, May 11, 1888, and Rev. F. N. White saw one there 
May 15, 1899. 


Page 116. 668. Dendroica townsendi. Townsenn’s War- 
BLER. 
A young male was taken at Cheyenne, Wyoming, and is 
now in the Bond collection. 


Page 116. 674. Seiurus aurocapillus. OveEn-pirp. 

On June 5, 1898, Mr. C. E. Aiken shot at Ramah a female 
with ovaries so extended that there seemed no doubt of its breed- 
ing. On the strength of this record the bird is included among 
the Colorado breeders. 


Page 116. 675a. Seiurus noveboracensis notabilis. Grin- 
NELL’Ss WATER-THRUSH. 
One in the Bond collection at Cheyenne, Wyoming. 


Page 116. Add. 678. Geothlypis agilis. © Connecticut 

WARBLER. 

Migratory ; rare or accidental. The first and only record 
for Colorado is the one taken by Mr. C. E. Aiken, who writes: 

“On May 24, 1899, I shot a male in a clump of willows 
bordering a water hole at Lake, Lincoln county, about one hun- 
dred miles northeast of Colorado Springs. This unexpected 
capture adds an interesting eastern bird to the fauna of Colorado, 
and extends the known range of the species several hundred 
miles to the westward.” 


Page 116. 680. Geothlypis tolmiei. Maccitiivray’s War- 
BLER. 
Breeds in Middle Park, according to Mr. Carter. 


Page 117. Add. 681. Geothlypis trichas. Maryranp 
YELLOW-THROAT. 
One taken by Mr. C. E. Aiken at Colorado Springs, May 31, 
1898, and identified by Mr. Ridgway. This is the eastern form, 
rarely coming west to the plains. 
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Page 117. 68la. Geothlypis trichas occidentalis. Wustrn 
Y ELLOW-THROAT. 
One was seen May 8, 1898, by Mr. L. B. Gilmore at Sweet- 
water Lake at 8,000 feet. 
Mr. Carter has found it breeding at Dillon at 9,000 feet. 


Page 117. 685. Wilsonia pusilla. Wuitson’s WARBLER. 


Page 117. 685a. Wilsonia pusilla pileolata. PILEoLATED 

WARBLER. 

Its occurrence in Colorado will now be changed to: Summer 
resident ; not uncommon. 

There is in the Carter collection a specimen, quite typical, 
that was taken with nest and eggs at the eastern side of South 
Park, July 3, 1878. Mr. C. E. Aiken believes that this form is 
fully as common in Colorado as the eastern pusilla. 


Page 118. Add. 686. Wilsonia canadensis. CANADIAN 
WARBLER. 


Migratory; rare or accidental. Added to the Colorado list 
by Mr. C. E. Aiken in the following note: 

“The range of this species is extended westward nearly to 
the Rocky Mountain range by my capture of a male at Lake, 
Lincoln county, May 23, 1899. 


Page 118. 678. Setophaga ruticilla. American ReEpDSTART. 

Breeds in Middle Park. The foregoing records show that of 
the twenty-nine Warblers known to occur in Colorado, but three 
have been taken breeding at Breckenridge by Mr. Carter, show- 
ing how few of these birds go up into the bigh mountains. 

There are twenty-five Warblers given in the last edition of 
the A. O. U. Check List whose range is said to be “Eastern 
United States” or “Eastern United States to the Plains,” thus not 
including Colorado in their habitat. These have all been taken 
in Kansas, and eleven of them have been found in Colorado. 
Since these eleven include several that would have been con- 
sidered as little likely as any to be found in this State, we may 
expect that sooner or later most of the other fourteen will be 
noted in Colorado. Those not yet found here are Protonotaria 
citrea, Helmatherus vermivorus, Helminthophila pinus, Helmin- 
thophila ruficapilla, Dendroica pensylvanica, Dendroica blackburniz, 
Dendroica dominica albilora, Dendroica virens, Dendroica vigorsii, 
Dendroica discolor, Seiwrus motacilla, Geothlypis formosa, Geoth- 
lypis philadelphia, and Wilsonia mitrata. 
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Page 118. Add. [700. Anthus spragueii. Spracun’s Prerr. 


It seems strange that there is no record of this bird for Colorado, when 
there are three specimens in the Bond collection, taken at Cheyenne, Wyom- 
ing, April 24, 1888, and it was undoubtedly seen there by Rev. F. N. White, 
April 29, 1899. It is unreasonable not to suppose that these birds crossed 
Colorado to reach Cheyenne. Moreover they are said to be: “Rare in eastern 
Kansas, common in the western part of the State.”—(Lantz.) It is practically 
certain then that they occur in eastern Colorado, and that before long some 
one will find them there. ] : 


Page 118. 701. Cinclus mexicanus. American Dipper. 


Mr. Blanchard has taken nests on Boulder Creek four miles 
above Boulder at about 5,500. Two sets were taken, May 6 
and May 12,1898. All the sets he ever found in that locality 
were between May 1 and May 15. It is thus evident that these 
birds at the lower altitude nested earlier than is customary at 
the usual altitude. 

Mr. Carter found the Dipper breeding at Breckenridge. 


Page 119. 702. Oroscoptes montanus. Sacre THRASHER. 


Mr. Carter has found them at Dillon at 9,000 feet, but does 
not know of their breeding higher than Middle Park. 


Page 119. 703. Mimus polyglottos. MockrinGpirb. 


The present writer saw two at the San Luis Lakes and one 
at La Jara on June 17 and 18, 1898. Mr. D. E. Newcomb of La 
Jara says that some years he sees them several times; other years 
they are absent. Miss Myra Eggleston reports them as breeding 
at Grand Junction. This completes the record for the whole 
southern half of Colorado, from Kansas to Utah. 

There is one in the Carter collection, taken at Breckenridge 
August 12,1891. This is 1,500 feet higher than any previous 
record, and was undoubtedly a wanderer. 


Page 119. 704. Galeoscoptes carolinensis. Carsirp. 


The date of nesting should read the latter part of May, 


instead of June. . 
Mr. Carter reports it as a rare breeder in Middle Park. 


Page 120. 715. Salpinctes obsoletus. Rock Wren. 
Breeds at Breckenridge. 


Page 120. 719b. Thryomanes bewickii leucogaster. Barrp’s 
WREN. 


Page 120. 721b.  Troglodytes aedon aztecus. WESTERN 
House WREN. 
Breeds at Breckenridge. 
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Page 121. 722. Anorthura hiemalis. WINTER WREN. 


One taken by Dr. W. H. Bergtold in Denver, July 8, 1896. 
This is the lowest summer record. 


Page 121. Add. [724. Cistothorus stellaris., SHORT BILLED MarsH WREN. 
One in the Bond collection, taken at Cheyenne, Wyoming, April 14, 

1889. ] 

Page 121. 725c. Cistothorus palustris plesius. WESTERN 
MarsH WREN. 


Known by Mr. Carter to breed in South Park. 


Page 121. 726b. Certhia familiaris montana. Rooxy 
MovuntTAaIN CREEPER. 

Page 122. 727a. Sitta carolinensis aculeata. SLENDER- 
BILLED NUTHATCH. 

Page 122. 728. Sitta canadensis. Rep-sreasteD Nut- 
HATCH. 

Page 122. 730. Sitta pygmzea. Pycamy NurHarcu. 


Page 122. 735a. Parus atricapillus septentrionalis. Lona- 
TAILED CHICKADEE. 


Page 123. 738. Parus gambeli. Mountain CHICKADEE. 


These last six species are all common birds of the mountains 
and have all been taken by Mr. Carter at Breckenridge. The 
present writer found the Mountain Chickadee common and 
evidently breeding at Trinidad, June 15, 1898. This is only 
6,000 feet, much lower than this species usually nests. 


Page 123. 744, Psaltriparus plumbeus. Lrap-coLoRED 

Busu-Trr. 

During the summer of 1897 Capt. D. P. Ingraham took 
three sets of eggs near Beulah. Mr. C. E. Aiken has seen them 
occasionally in large flocks in winter in the foothills northeast of 
Canon City. He took a nest and five fresh eggs there May 9, 
1876. Mr. Wm. Cross took the nest and six eggs at Glenwood 
Springs during the summer of 1898. 


Page 123. 749. Regulus calendula. Rupy-crowNED Kinc- 
LET, 


_ A nest and seven eggs have been presented to the State 
Historical and Natural History Society of Denver, that were 
taken by Mr. Evan Lewis at Boswell, near Twin Lakes, June 12, 
1898, at an elevation of 11,000 feet. 


The lowest Mr. Carter has ever known of their nesting was 
at 7,000 feet, in Middle Park. 
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Page 124. 754. Myadestes townsendii. Townsrenn’s Sor- 
TAIRE. : 


Breeds above timber line near Breckenridge. 


Page 124. 756a. Hylocichla fuscescens salicicola. W1itLow 
THRUSH. 


Page 124. 758a. Hylocichla ustulata swainsoni. OLive- 
BACKED THRUSH. 


Page 125. 759. Hylocichla aonalaschke. Dwarr Hermit 
THRUSH. 


One taken by Mr. C. E. Aiken during the season of 1898, 
and three during the spring of 1899. 


Page 125. 759a.  Hylocichla aonalaschkz auduboni. 
Avpupon’s Hermit THRUSH. 


Breeds at Breckenridge. 


Page 125. 759b. Hylocichla aonalaschke pallasii. Hermit 
THRUSH. 


Page 126. 761la. Merula migratoria propinqua. WrEsTERN 
Rosin. 


Breeds at Breckenridge. 


Page 126. 766. Sialia sialis. Biurprrp. 


Mr. Bond says that the Eastern Bluebird is a regular 
summer visitant to the City Park in Cheyenne, Wyoming. 


Page 126. 767a. Sialia mexicana bairdi. CHESTNUT-BACKED 
BLuEBIRD. 
Mr. Carter has found it breeding in South Park, but never 
as high as Breckenridge. 


Page 126. 768. Sialia arctica. Mounrarn BLUEBIRD. 
Breeds at Breckenridge. 


Page 148. B. Species that breed on the plains. Omit 
Helminthophila peregrina. 

Page 149. 7. Migrants. Omit 
Helminthophila peregrina. 


Page 155. 8. Gavia adamsii. Y«ELLow-BiLLEp Loon. 
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Page 156. 160. Somateria dresseri. Amprican Erper. 


Further research has shown that the specimen mentioned at 
the capitol at Denver was taken outside of Colorado. 


Page 162. 418a. Phalznoptilus nuttallii nitidus. FRosrEep 
PooR WILL. 
The two specimens taken by Mr. Aiken have been later 
identified as true nuttallir. 


Page 167. 595. Zamelodia ludoviciana. Rosk-BREASTED 
GROSBEAK. 


Page 168. 647. Helminthophila peregrina. TENNESSEE 
WARBLER. 
This is now withdrawn from the list of Colorado breeders 
since Mr. Aiken has satisfied himself that the record is a mis- 
identification for Virginia’s Warbler. 


ADDENDUM. 


While the last pages of this bulletin are passing through 


the press, the Auk for July, 1900, is received, necessitating the 
following addition : 


Page 186. Add. Aiken, C. E. Seven New Birds for Colorado. 
Auk, XVII. 1900, p. 298. 


Adds to the Colorado list, Gavia arctica, Ardea egretta, Syrnium nebu- 
losum, Astragalinus tristis pallidus, Geothlypis agilis, Geothlypis trichas, 


Wilsonia canadensis. 
_ The records of these birds for Colorado have been given in 
this bulletin, but since the article in the Auk was published first, 


it becomes the first record of these birds for Colorado, instead of 
this bulletin. 
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alpestris arenicola, Otocoris 186, 209. 
Alpine Three-toed Woodpecker 207. 
American Avocet 199. 


abieticola, Ceophlceus pileatus 207. 
acadica, Nyctala 205. 
Acanthis linaria 211. 


rostrata 182, 184, 
Accipiter atricapillus 204. 
striatulus 204. 

cooperi 204. 

velox 204. 
accipitrinus, Asio 205. 
Actitis macularia 200. 
aculeata, Sitta carolinensis 222. 
acuta, Dafila 194. 
adamsii, Gavia 184, 223. 
AXchmophorus occidentalis 191. 
edon aztecus, Troglodytes 221. 
Afgialitis meloda circumcincta 181, 201, 

montana 201. 

nivosa 201. 

semipalmata 201. 

vocifera 201. 
Z#ronautes melanoleucus 208. 
eestiva, Dendroica 218. 
affinis, Aythya 195. 
Agelaius pheeniceus 211. 
agilis, Geothlypis 184, 185, 190, 219, 224. 
aikeni, Junco 215. 
Aix sponsa 194. 


alascensis, Calcarius lapponicus 189, 214. 


Alaskan Longspur 189, 214. 

alaudinus, Ammodramus sandwichensis 
214, 

albeola, Charitonetta 183, 195. 

albifrons gambeli, Anser 196. 

albilora, Dendroica dominica 220. 

alcyon, Ceryle 207. 

alexander, Trochilus 208. 

almee, Hylocichla ustulata 189. 


Barn Owl 205. 
Bittern 197. 

Coot 199. 

Crow 210. 

Dipper 221. 

Hared Grebe 191. 
Egret 197. 

Eider, 224. 
Goldfinch 212. 
Goshawk 204. 
Long-eared Owl 205. 
Magpie 210. 
Merganser 194, 
Osprey 205, 

Raven 188, 210. 
Redstart 220. 
Sparrow Hawk 204. 
White-fronted Goose 196. 
White Pelican 193. 


americana, Aythya 183, 195. 


Compsothlypsis 218. 
Fulica 199. 

Mareca 194. 
Recurvirostra 199. 
Spiza 217. 


americanus, Coccyzus 184. 


Corvus 210. 

dorsalis, Picoides 186, 207. 
Merganser 194. 
occidentalis, Coccyzus 207. 
Tympanuchus 182, 185, 202. 


Ammodramus leconteii 179, 184, 185, 190, 
214. 


sandwichensis alaudinus 214. 
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amcoena, Cyanospiza 217. 
Ampelis garrulus 217. 
Amphispiza bilineata deserticola 215. 
Anas boschas 194, 
fulvigula maculosa 194. 
obscura 194. 
Anorthura hiemalis 222. 
Anser albifrons gambeli 196. 
Anthus spragueii 181, 221. 
antillarum, Sterna 193. 
aonalaschkz auduboni, Hylocichla 223. 
Hylocichla 223. 
pallasii, Hylocichla 223. 
Aquila chrysaetos 274. 
Archibuteo ferrugineous 204. 
Arctic Horned Owl 206. 
arctica, Gavia 182, 184, 190, 192, 224. 
Sialia 223. 
arcticus, Bubo virginianus 184, 206. 
Ardea candidissima 198, 
egretta 184, 185, 190, 197, 224. 
herodias 197. 
virescens 198. 
Ardetta exilis 183, 197. 
arenacea, Spizella pusilla 215, 
Arenaria interpres 201. 
arenicola, Otocoris alpestris 186, 209. 
Arizona Goldfinch 213. 
arizone, Astragalinus psaltria 213. 
Spizella socialis 215. 
Arkansas Goldfinch 213. 
Kingbird 209. 
Ash-throated Flycatcher 209. 
Asio accipitrinus 205. 
wilsonianus 205, 
Astragalinus psaltria 213. 
arizone 213. 
mexicanus 183, 184, 185, 187, 190, 
213. 
tristis 212. 
pallidus 184, 190, 212, 224. 
ater, Molothrus 211. 
atricapillus, Accipiter 204. 
septentrionalis, Parus 222. 
striatulus, Accipiter 204. 
Vireo 218, 
auduboni, Dendroica 219, 
Hylocichla aonalaschk 223. 
Audubon’s Hermit Thrush 223, 


Warbler 219. 
auratus luteus, Colaptes 208. 
aurocapillus, Seiurus 183, 219. 
australis, Leucosticte 212. 
autumnalis, Plegadis 184, 190, 196. 
Avocet, American 199. 
Aythya affinis 195. 

americana 183, 195, 

marila 195. 

vallisneria 195. 
aztecus, Troglodytes edon 221. 


bairdi, Sialia mexicana 223. 

Tringa 200. 

Baird’s Sandpiper 200. 
Wren 221, 
Bald Eagle 204, 
Baldpate 194. 
Band-tailed Pigeon 203. 
Barn Owl 205. 
Swallow 217. 
Barred Owl 205. 
Barrow’s Golden-eye 195. 
Batchelder’s Woodpecker 207. 
bellii, Vireo 218. 
Bell’s Vireo 218. 
Belted Kingfisher 207. 
Belted Piping Plover 201. 
bendirei, Harporhynchus 183, 184. 
bewickii eremophilus, Thryomanes 189. 

leucogaster, Thryomanes 221. 
bicolor, Tachycineta 217. 
bilineata deserticola, Amphispiza 215. 
Bittern, American 197. 

Least 197. 

Black-bellied Plover 201. 
Blackbird, Brewer’s 211. 

Red-winged 211. 

Yellow headed 211. 
blackburniz, Dendroica 220. 
Black-capped Vireo 218. 

-chinned Hummingbird 208. 

-crowned Night Heron 198. 
Duck 194. 

-headed Grosbeak 216. 

-poll Warbler 219. 

-throated Loon 192. 

Vulture 204. 

Bluebird 223. 


Chestnut-backed 223. 
Mountain 223. 
Blue Goose I96. 
Grosbeak, Western 216. 
Heron 197. 
-winged Teal 194. 
Bobolink 180, 187, 211. 
Bob white 201. 
Texan 201. 
Bohemian Waxwing 217. 
Bonaparte’s Gull 193. 
Bonasa umbellus umbelloides 202. 
borealis calurus, Buteo 204. 
Contopus 209. 
Lanius 217. 
boschas, Anas 194. 
Botaurus lentiginosus 197. 
Branta canadensis 196. 
minima 184, 187, 190, 196. 
Brewer’s Blackbird 211. 
Broad-tailed Hummingbird 208. 
Brown-capped Leucosticte 212. 
Crane 198. 
Pelican 193. 


Bubo virginianus arcticus 184, 206. 


Buff-breasted Sandpiper 200. 
Buffle-head 195. 
bullocki, Icterus 211. 
Bullock’s Oriole 211. 
Bunting, Indigo 216. 
Lark 217. 
Lazuli 217. 
Burrowing Owl 206. 
Bush-Tit, Lead-colored 222. 
Buteo borealis calurus 204. 
swainsoni 204. 


Cackling Goose 196. 

cerulea lazula, Guiraca 216. 
ceerulescens, Chen 196, 

cafer, Colaptes 208. 
Calamospiza melanocorys 217. 


Calcarius lapponicus alascensis 189, 214. 


calendula, Regulus 222. 


California Cuckoo 207. 
Gull 192. 


Partridge 202. 
Quail 180. 
californianus, Geococcyx 207. 
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californicus, Colymbus nigricollis 191. 


Larus 192. 

Lophortyx 202. 
Calliope Hummingbird 208. 
calliope, Stellula 183, 184, 185, 208. 
Callipepla squamata 182, 183, 202. 
calurus, Buteo borealis 204. 


campestris, Pedicecetes phasianellus 203, 


Canada Goose 196. 
canadensis, Branta 196. 
capitalis, Perisoreus 210. 


minima, Branta 184, 187, 190, 196. 


Grus 198. 

Sitta 222. 

Wilsonia 184, 185, 190, 220, 224. 
Canadian Warbler 180, 220. 
candidissima, Ardea 198. 
caniceps, Junco 215. 
Canvas-back 195. 
canutus, Tringa 200. 
capitalis, Perisoreus canadensis 210, 
carolina, Porzana 199. 
carolinensis aculeata, Sitta 222. 

Galeoscoptes 221. 

Nettion 194. 

Pandion haliaetus 205. 
carolinus, Melanerpes 208. 
Carpodacus cassini 212, 
Caspian Tern 193. 
cassini, Carpodacus 212. 

Peucea 215. 
Cassin’s Kingbird 209. 

Purple Finch 212. 

Sparrow 215. 
Catbird 221. 
Catharista urubu 204, 
Centrocercus urophasianus 203. 
Ceophleeus pileatus abieticola 207. 
Certhia familiaris montana 222. 
Ceryle alcyon 207. 
Charitonetta albeola 183, 195. 
Chaulelasmus streperus 194. 
Chen ceerulescens.196. 

hyperborea 196. 

pivalis 196. 

Chestnut-backed Bluebird 223. 
Chickadee, Long-tailed 222, 

Mountain 223, 

Chipping Sparrow, Western 215. 
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chlorura, Oreospiza 216, 


Chondestes grammacus strigatus 214. 


Chordeiles virginianus henryi 208. 

chrysaetos, Aquila 204, 

Cinclus mexicanus 221. 

cinerascens, Myiarchus 209. 

Cinnamon Teal 194. 

circumcincta, Aigialitis meloda 201. 

Circus hudsonius 204. 

Cistothorus palustris plesius 222. 
stellaris 181, 222. 

citrea, Protonotaria 220. 

Clangula islandica 195, 

Clarke’s Nutcracker 188, 210. 

Cliff Swallow 217. 

clypeata, Spatula 194. 


Coccothraustes vespertinus montanus 


182, 183, 211. 
Coccyzus americanus 184. 
occidentalis 207. 
Colaptes auratus luteus 208. 
cafer 208. 
Colinus virginianus 201. 
texanus 201. 
Columba fasciata 203. 
columbiana, Nucifraga 188, 210. 
columbianus, Olor 196. 


Colymbus nigricollis californicus 191. 


Common Tern 193. 
Compsothlypis americana 218. 
continis, Pocecetes gramineus 214. 
connectens, Junco hyemalis 215. 
Connecticut Warbler 180, 219. 
Contopus borealis 209. 
richardsonii 209. 
Cooper’s Hawk 204. 
cooperi, Accipiter 204. 
Coot, American 199. 
corax sinuatus, Corvus 210, 
Cormorant, Mexican 193. 
Corvus americanus 210. 
corax sinuatus 210. 
cryptoleucus 210. 
Cowbird 211. 
Crane, Little Brown 198, 
Sandhill 198, 
Creeper, Rocky Mountain 229, 
Crossbill, Mexican 212. 
Crow, American 210. 


oO 


i) 


INDEX. 


Crymophilus fulicarius 181. 
cryptoleucus, Corvus 210. 
Cuckoo, California 207. 
cucullatus, Lophodytes 194. 
cunicularia hypogzea, Speotyto 206. 
Curlew, Long-billed 200. 
curvirostra stricklandi, Loxia 212. 
cyanea, Cyanospiza 216. 
Cyanocephalus cyanocephalus 210. 
Scolecophagus 211. 
Cyanocitta stelleri macrolopha 210. 
cyanoptera, Querquedula 194. 
Cyanospiza amoena 217. 
cyanea 216, 


Dafila acuta 15/4. 
deglandi, Oidemia 195. 
delawarensis, Larus 192. 
delicata, Gallinago 188, 199. 
Dendragapus obscurus 202. 
Dendroica estiva 218. 
auduboni 219. 
blackburniz 220. 
discolor 220. 
dominica albilora 220. 
palmarum 184, 185. 
pensylvanica 220. 
striata 219. 
townsendi 219. 
vigorsii 220. 
virens 220. 


deserticola, Amphispiza bilineata 215. 
deserticolus, Falco sparverius 179, 182, 


183, 190, 205. 

Desert Horned Lark 209. 
Sparrow 215. 
Hawk 205. 

Dickcissel 217. 
difficilis, Empidonax 209. 
Dipper, American 221. 
discolor, Dendroica 220, 
discors, Querquedula 194. 
Dolichonyx oryzivorus 211. 
domesticus, Passer 213. 
dominica albilora, Dendroica 220. 


dorsalis, Picoides americanus 186, 207. 


Dove, Mourning 203. 
White-winged 203. 
Downy Woodpecker 207. 


INDEX. 


dresseri, Somateria 182, 184, 224. 
Dryobates pubescens 184, : 
homorus 207. 
medianus 207. 
villosus montanus 186. 

monticola 186, 207. 
Duck, Black 194. 
Harlequin 195. 
Lesser Scaup 195. 
Mottled 194. 
Ruddy 196. 
Seaup 195. 
Wood 194, 
Dusky Grouse 202. 
Dwarf Hermit Thrush 223. 


Eagle, Bald 204. 

Golden 204. 
Eared Grebe 191. 
Ectopistes migratorius 203. 
Egret, American 197. 
egretta, Ardea 184, 185, 190, 197, 224. 
Hider, American 223. 
elegans, Rallus 198. 
Empidonax difficilis 209. 

hammondi 183, 209. 

traillii 209. 

wrightii 209. 
enucleator montana, Pinicola 212. 
eremophilus, Thryomanes bewickii 189. 
Ereunetes pusillus 200. 
Erismatura jamaicensis 196. 
erythrocephalus, Melanerpes 207. 
erythrogaster, Hirundo 217. 
erythromelas, Piranga 184, 185, 217. 
erythrorhynchos, Pelecanus 193. 
European House Sparrow 213. 
Evening Grosbeak, Western 211. 
exilis, Ardetta 183, 197. 
excubitorides, Lanius ludovicianus 190, 

217. 


Falco sparverius 204. 
deserticolus 179, 182, 183, 190, 
205. 
familiaris montana, Certhia 222. 
fasciata, Columba 203. 
montana, Melospiza 216. 
fedoa, Limosa 200. 
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fera, Meleagris gallopavo 203. 
ferrugineous, Archibuteo 204. 
Ferruginous, Rough-leg 204. 
Field Sparrow, Western 215. 
Finch, Cassin’s Purple 212. 
flammeola, Megascops 206. 
Flammulated Owls 188. 

Screech Owl 206. 
flavipes, Totanus 183, 200. 
Flicker, Northern 208. 

Red-shafted 208. 
Flycatcher, Ash-throated 209. 

Hammond’s 209. 

Least 180. 

Olive-sided 209. 

Traill’s 209. 

Western 209. 

Wright’s 209. 
formosa, Geothlypis 220. 
forsteri, Sterna 193. 
Forster’s Tern 193. 
Frosted Poor-will 224. 
Fulica americana 199. 
fulicarius, Crymophilus 181. 
fulvigula maculosa, Anas 194. 
fuscus, Pelecanus 181, 193. 
fuscescens salicicola, Hylocichla 188, 

223. 


Gadwall 194. 
Galeoscoptes carolinensis 221. 
Gallinago delicata 188, 199. 
gallopavo fera, Meleagris 203. 
Meleagris 188, 203. 
merriami, Meleagris 189. 
gambeli, Anser albifrons 196. 
Lophortyx 202. 
Parus 222, 
Gambel’s Partridge 202. 
garrulus, Ampelis 217. 
Gavia adamsii 184, 223. 
arctica 182, 184, 192, 224. 
imber 183, 191. 
lumme 192. 
pacifica 192. 
Geococcyx californianus 207. 
georgiana, Melospiza 183, 184, 185. 
Geothlypis agilis 184, 185, 190, 219, 224. 
formosa 220. 
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philadelphia 220. 
tolmiei 219. 
trichas 184, 185, 190, 219, 224. 
occidentalis 220. 
gilvus, Vireo 218. 
Glaucidium gnoma 206, 
Glossy Ibis 196. 
White-faced 187, 197. 
gnoma, Glaucidium 206, 
Godwit, Marbled 200. 
Golden Eagle 204. 

-eye, Barrow’s 195. 
Goldfinch, American 212. 

Arizona 213. 

Arkansas 213, 

Mexican 213. 

Western 212. 

Goose, American White-fronted 196. 

Blue 196. 

Cackling 196. 

Canada 196, 

Greater Snow 196. 

Lesser Snow 196. 

Goshawk, American 204, 

Western 187, 204. 
gramineus confinis, Pocecetes 214. 
grammacus strigatus, Chondestes 214. 
Gray-crowned Leucosticte 212. 

-headed Junco 215, 

Ruffed Grouse 202, 

Great Blue Heron 197, 
Greater Snow Goose 196. 

Yellow-legs 200. 

Grebe, American Hared 191. 

Pied-billed 191. 

Western 191. 

Green Heron 198. 

-tailed Towhee 216. 

-winged Teal 194. 
Grinnell’s Water-Thrush 219, 
Grosbeak, Black-headed 216. 

Rocky Mountain Pine 212. 

Rose-breasted 224, 

Western Blue 216. 

Evening 211. 
Grouse, Dusky 202. 

Gray Ruffed 202. 

Prairie Sharp-tailed 203. 

Sage 203. 


INDEX. 


Grus, canadensis 198. 
mexicana 198. 
guarauna, Plegadis 183, 185, 197. 
Guiraca cerulea lazula 216. 
Gull, Bonaparte’s 193. 
California 192. 
Ring-billed 192. 
Sabine’s 193. 


Hairy Woodpecker, Rocky Mountain 


207. 


haliaetus carolinensis, Pandion 205. 


Halizetus leucocephalus 204. 
hammondi, Hmpidonax 183, 209. 
Hammond’s Flycatcher 209. 
Harelda hyemalis 195. 
Harlequin Duck 15, 
Harporhynchus bendirei 183, 184. 
Harris’s Sparrow 214. 
Hawk, American Sparrow 204. 

Cooper’s 204. 

Desert Sparrow 205. 

Marsh 204. 

Sharp-shinned 204, 

Swainson’s 204. 


Helminthophila peregrina 218, 223, 224. 


pinus 220. 

ruficapilla 220. 

virginiz 218. 
Helmitherus vermivorus 220, 
Helodromas solitarius 200. 
Hen, Prairie 202. 
henryi, Chordeiles virginianus 208. 
Hepburn’s Leucosticte 212. 
Hermit Thrush 223. 

Audubon’s 223, 
Dwarf 223. 

herodias, Ardea 197. 
Heron, Black-crowned Night 198. 

Great Blue 197. 

Green 198. 

Snowy 198. 
hiemalis, Anorthura 222. 
himantopus, Micropalama 199. 
Hirundo erythrogaster 217. 

Sterna 181, 193. 
Histrionicus histrionicus 195. 


homorus, Dryobates pubescens 207. 


Hooded Merganser 194. 
Horned Lark, Desert 209. 
Owl, Arctic 206. 
House Sparrow, European 213. 
Wren, Western 221. 
hudsonica, Pica pica 210. 
hudsonius, Circus 204. 
Hummingbird, Black-chinned 208. 
Broad-tailed 208. 
Calliope 208. 
Rufous 208. 
hyemalis connectens, Junco 215. 
Harelda 195. 
Hylocichla aonalaschke 223. 
auduboni 223. 
pallasii 223, 
fuscescens salicicola 188, 223. 
ustulata alme 189. 
swainsoni 223. 
hyberborea, Chen 196. 
nivalis, Chen 196. 
hypogzea, Speotyto cunicularia 206. 


Ibis, Glossy 196. 
Scarlet 187. 
White-faced Glossy 187, 197. 
Wood 197. 
Icterus bullocki 211. 
iliaca schistacea, Passerella 216. 
imber, Gavia 183, 191. 
Indigo Bunting 216. 


INDEX. 


inornata, Symphemia semipalmata 200. 


interpres, Arenaria 201. 
islandica, Clangula 195. 


jamaicensis, Hrismatura 196. 
Porzana 184. 

Jay, Long-crested 210. 
Pinon 186, 210. 
Rocky Mountain 210. 

Junco aikeni 215. 
caniceps 215. 
Gray-headed 215. 
hyemalis connectens 215. 
montanus 182, 187, 190, 215. 
Shufeldt’s 215. 
White-winged 215, 


Killdeer 210. 


59 


231 


Kingbird 209. 

Arkansas 209. 

Cassin’s 209. 
Kingfisher, Belted 207. 
Kinglet, Ruby-crowned 222. 
King Rail 198. 

Knot 200. 


Lagopus leucurus 202. 
Lanius borealis 217. 
ludovicianus excubitorides 190. 
lapponicus alascensis, Calcarius 189, 214. 
Lark Bunting 217. 
Desert Horned 209. 
Sparrow, Western 214. 
Larus californicus 192. 
delawarensis 192. 
philadelphia 182, 193. 
lazula, Guiraca cerula 216. 
Lazuli Bunting 217. 
Lead-colored Bush-Tit 222. 
Least Bittern 197. 
Flycatcher 180. 
Sandpiper 200. 
Tern 193. 


leconteii, Ammodramus 179, 184, 185, 
190, 214. 


LeConte’s Sparrow 187, 214. 
lentiginosus, Botaurus 197. 
Lesser Scaup Duck 195. 
Snow Goose 196. 
Lewis’s Woodpecker 186, 208. 
leucogaster, Thryomanes bewickii 221. 
leucocephalus, Halizeetus 204. 
leucophrys, Zonotrichia 214, 
leucoptera, Melopelia 203, 
Leucosticte australis 212. 
Brown-capped 212. 
Gray-crowned 212. 
Hepburn’s 212. 
tephrocotis 212. 
littoralis 212. 
leucurus, Lagopus 202. 
Limosa fedoa 200. 
linaria, Acanthis 212. 
rostrata, Acanthis 182, 184. 
lincolni, Melospiza 216. 
Lincoln’s Sparrow 216. 
Little Brown Crane 198. 
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littoralis, Leucosticte tephrocotis 212. merriami 189. 
lobatus, Phalaropus 199. Melanerpes carolinus 208. 
loculator, Tantalus 197. erythrocephalus 207. 
Long-billed Curlew 200. torquatus 208. 
-erested Jay 210. melanocephala, Zamelodia 216. 
-eared Owl 205. melanocorys, Calamospiza 217. 
-tailed Chickadee 222. melanoleucus, Aeronautes 208, 
longirostris, Numenius 200. Totanus 200. 
Longspur, Alaskan 189, 214. meloda circumcincta, Afgialitis 181, 201. 
Loon 191. Melopelia leucoptera 203. 
Black-throated 192. Melospiza fasciata montana 216. 
Pacific 192. georgiana 183, 184, 185. 
Red-throated 192. lincolni 216. 
Yellow-billed 223. Merganser, American 194. 
Lophodytes cucullatus 194. Hooded 194. 
Lophortyx californicus 202. Red-breasted 194. 
gambelii 202. serrator 194. 
Louisiana Tanager 217. merriami, Meleagris gallopavo 189. 
Loxia curvirostra stricklandi 212. Merula migratoria propinqua 223. 
ludoviciana, Piranga 217. Mexican Cormorant 193. 
Zamelodia 183, 185, 224. Crossbill 212. 
ludovicianus excubitorides, Lanius 190, Goldfinch 213. 
217. Turkey 203. 
lumme, Gavia 192. mexicana, Grus 198. 
lunifrons, Petrochelidon 217. bairdi, Sialia 223. 
luteus, Colaptes auratus 208. mexicanus, Astragalinus psaltria 183, 184, 
185, 187, 190, 2138. 
Macgillivray’s Warbler 219. Cinclus 221, 
macrolopha, Cyanocitta stelleri 210. Phalacrocorax 193. 
macroura, Zenaidura 203. Micropalama himantopus 199. 
macularia, Actitis 200. migratoria propinqua, Merula 223. 
maculatus megalonyx, Pipilo 216. migratorius, Ectopistes 203. 
maculosa, Anas fulvigula 194. Minus polyglottos 221. 
magna neglecta, Sturnella 211. minima, Branta canadensis 184, 187, 190, 
Magpie, American 210. 196. 
Mallard i194. minor, Philohela 182, 183 
Marbled Godwit 200. minutilla, Tringa 200. 
Mareca americana 194. mitrata, Wilsonia 220. 
marila, Aythya 195. Mockingbird 187, 221. 
Marsh Hawk 204. Molothrus ater 211. 
Wren, Short-billed 222. montana, Agialitis 201. 
Western 222. 


Certhia familiaris 222. 
Junco 215, 
Melospiza fasciata 216. 
Pinicola enucleator 212. 
montanus, Coccothraustes vespertinus 
183, 211. 
Junco 182, 187, 190. 
Oroscoptes 221. 


Martin, Purple 217. 
Maryland Yellow-throat 219. 
medianus, Dryobates pubescens 207. 
megalonyx, Pipilo maculatus 216. 
Megascops flammeola 206. 
Meleagris gallopavo 188, 203. 

fera 203. 
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monticola, Dryobates villosus 186, 207. 
__ ochracea, Spizella 215. 
motacilla, Seiurus 220. 
Mottled Duck 194. 
Mountain Bluebird 223. 

Chickadee 222. 

Plover 201. 

Song Sparrow 216. 
Mourning Dove 203. 
Myadestes townsendii 223. 
Myiarchus cinerascens 209. 


nevius, Nycticorax nycticorax 198. 
nebulosum, Syrnium 183, 185, 190, 205, 
224. 
neglecta, Sturnella magna 211. 
Nettion carolinensis 194. 
Nighthawk, Western 208. 
Night Heron, Black-crowned 198. 
nigricollis californicus, Colymbus 191. 
nitidus, Phaleenoptilus nuttallii 183, 224. 
nivalis, Chen hyperborea 196. 
Passerina 214. 
nivosa, A‘gialitis 201. 
Northern Flicker 208. 
Phalarope 199. 
Pileated Woodpecker 207. 
Shrike 217. 
notabilis, Seiurus noveboracensis 219. 
noveboracensis, Porzana 199. 
notabilis, Seiurus 219. 
Vireo 218. 
nuchalis, Sphyrapicus varius 207. 
Nucifraga columbiana 188, 210. 
Numenius longirostris 200. 
Nutcracker, Clarke’s 188, 210. 
Nuthatch, Red-bellied 180. 
Red-breasted 222. 
Pygmy 222. 
Slender-billed 222. 


nuttallii nitidus, Phalenoptilus 183, 224. 


Phalzenoptilus 208. 
Nyctala acadica 205. 

tengmalmi richardsoni 182, 184, 205. 
Nyctea nyctea 206. 
Nycticorax nycticorax neevius 198, 


obscura, Anas 194. 
obscurus, Dendragapus 202. 
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obsoletus, Salpinctes 221. 
occidentalis, Aichmophorus 191. 

Coccyzus americanus 207. 

Geothlypis trichas 220. 
ochracea, Spizella monticola 215. 
Oidemia perspicillata 195, 196. 
Old-Squaw 195. 
olivasceus, Vireo 218. 
Olive-backed Thrush 223. 

-sided Flycatcher 209. 
Olor columbianus 196. 
Oreospiza chlorura 216. 
Oriole, Bullock’s 211. 
Oroscoptes montanus 221. 
oryzivorus, Dolichonyx 211. 
Otocoris alpestris arenicola 186, 209. 
Oven-bird 219, 
Owl, American Barn 205, 
Long-eared 205. 

Arctic Horned 206. 

Barred 205. 

Burrowing 206. 

Flammulated 188. 

Screech 206. 

Pygmy 206. 

Richardson’s 205. 

Saw-whet 205. 

Short-eared 205. 

Snowy 206. 


Pacific Loon 192. 
pacifica, Gavia 192. 
pallasii, Hylocichla aonalaschke 223, 
pallidus, Astragalinus tristis 184, 190, 
212, 224. 
palmarum, Dendroica 184, 185. 
palustris plesius, Cistothorus 222. 
Pandion haliaetus carolinensis 205. 
Partridge, California 202. 
Gambel’s 202. 
Scaled 202. 
Parula Warbler 218. 
Parus atricapillus septentrionalis 222. 
gambeli 222. 
Passenger Pigeon 203. 
Passer domesticus 213. 
Passerella iliaca schistacea 216. 
Passerina nivalis 214. 


234 


Pedicecetes phasianellus campestris 203. 


Pelecanus erythrorhynchos 193. 
fuscus 181, 193. 

Pelican, American White 193. 
Brown 193. 

pensylvanica, Dendroica 220. 


peregrina, Helminthophila 218, 223, 224. 


Perisoreus canadensis capitalis 210. 

perspicillata, Oidemia 196. 

Petrochelidon lunifrons 217. 

Peucezea cassini 215. 

Pewee, Western Wood 209. 

Phalacrocorax mexicanus 193. 

Phaleenoptilus nuttallii 208. 
nitidus 183, 224. 

Phalarope, Northern 199. 

Wilson’s 199. 
Phalaropus lobatus 199. 


phasianellus campestris, Pedicecetes 203. 


Phasianus torquatus 182, 183. 

philadelphia, Geothlypis 220. 
Larus 182, 193. 

Philohela minor 182, 183. 

Pheebe, Say’s 209. 

pheeniceus, Agelaius 211. 

Pica pica hudsonica 210, 


Picoides americanus dorsalis 186, 207. 


Pied-billed Grebe 191. 
Pigeon, Band-tailed 203. 
Passenger 203. 
Pileated Woodpecker 207. 
pileatus abieticola, Ceophloeus 207. 
pileolata, Sylvania pusilla 184. 
Wilsonia pusilla 179, 183, 220. 
Pileolated Warbler 220, 


Pine Grosbeak, Rocky Mountain 212. 


Siskin 187, 213. 

Pinicola enucleator montana 212. 

Pinon Jay 186, 210. 

Pintail 194. 

pinus, Helminthophila 220. 
Spinus 213. 

Pipilo maculatus megalonyx 216. 

Piping Plover, Belted 201. 

Pipit, Sprague’s 221. 

Piranga erythromelas 184, 185, 217. 
ludoviciana 217, 

platycercus, Selasphorus 208. 

Plegadis autumnalis 184, 190, 196. 
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guarauna 183, 185, 197. 


plesius, Cistothorus palustris 222. 
Plover, Belted Piping 201. 


Black-bellied 201. 
Mountain 201. 
Semipalmated 201. 
Snowy 201. 


Pliumbeous Vireo 218. 
plumbeus, Psaltriparus 222. 


Vireo solitarius 218. 


podiceps, Podilymbus 191. 
Podilymbus podiceps 191. 
polyglottos, Mimus 221. 
Pocecetes gramineus confinis 214. 
Poor-will 208. 


Frosted 224, 


Porzana carolina 199. 
jamaicensis 184. 


noveboracensis 199. 


pratincola, Strix 205. 
Prairie Hen 202. 


Sharp-tailed Grouse 203. 


Progne subis 217. 

propinqua, Merula migratoria 223. 
Protonotaria citrea 220. 

psaltria arizonz, Astragalinus 213. 


Astragalinus 213. 
mexicanus, Astragalinus 183, 184, 
185, 187, 190, 213. 


Psaltriparus plumbeus 222. 
Ptarmigan, White-tailed 202. 
pubescens, Dryobates 184. 


homorus, Dryobates 207. 
medianus, Dryobates 207. 


Purple Finch, Cassin’s 212. 


Martin 217. 


pusilla arenacea, Spizella 215. 


pileolata, Sylvania 184. 
Wilsonia 179, 183, 220. 
Wilsonia 220. 


pusillus, Ereunetes 200. 
pygmea, Sitta 222. 
Pygmy Owl 206. 


Nuthatch 222. 


Quail, California 180. 
Querquedula cyanoptera 194. 


discors 194. 


querula, Zonotrichia 214. 


Rail, King 198. 
Virginia 198. 
Yellow 199. 
Rallus elegans 198, 
Raven 180. 
American 188, 210. 
White-necked 210. 
Recurvirostra americana 199. 
Red-bellied Nuthatch 180. 
Woodpecker 180, 208. 
-breasted Merganser 194. 
Nuthatch 222, 
Red-eyed Vireo 218. 
Redhead 1£5. 
Red-headed Woodpecker 207. 
-naped Sapsucker 207. 
Redpoll 212, 
Red-shafted Flicker 208. 
Redstart, American 220, 
Red-tail, Western 204, 
-throated Loon 192. 
-winged Blackbird 211. 
Regulus calendula 222, 
richardsoni, Contopus 209. 


Nyctala tengmalmi 182, 184, 205. 


Richardson’s Owl] 205. 
Ring-billed Gull 192. 
‘Road-runner 207. 
Robin, Western 223, 
Rock Wren 221. 
Rocky Mountain Creeper 222. 
Hairy Woodpecker 207. 
Jay 210, 
Pine Grosbeak 212. 
Rose-breasted Grosbeak 224. 


rostrata, Acanthis linaria 182, 184. 


Rough-leg, Ferruginous 204. 
Ruby-crowned Kinglet 222. 
Ruddy Duck 196. 

Ruffed Grouse, Gray 202. 
ruficapilla, Helminthophila 220. 
Rufous Hummingbird 208. 
rufus, Selasphorus 208. 
ruticilla, Setophaga 220. 


Sabine’s Gull 193. 
savinii, Xema 193. 
Sage Thrasher 221. 
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salicicola, Hylocichla fuscescens 188, 223. 


Salpinctes obsoletus 221, 

Sandhill Crane 198. 

Sandpiper, Baird’s 200. 
Buff-breasted 200. 
Least 200. 
Semipalmated 200. 
Solitary 200. 
Spotted 200. 
Stilt 199. 


sandwichensis alaudinus, Ammodramus 


214. 

Sapsucker, Red-naped 207. 
Williamson’s 207, 

Savanna Sparrow, Western 214. 

Saw-whet Owl 205. 

saya, Sayornis 209, 

Sayornis saya 209. 

Say’s Phoebe 209. 

Scaled Partridge 202. 

Scarlet Ibis 187, 
Tanager 180, 217. 

Scaup Duck 195, 

Lesser 195, 

schistacea, Passerella iliaca 216. 

Scolecophagus cyanocephalus 211. 

Scoter, Surf 196. 
White-winged 195. 

Screech Owl, Flammulated 206. 

Seiurus aurocapillus 183, 219. 
motacilla 220. 
noveboracensis notabilis 219. 

Selasphorus platycercus 208, 
rufus 208, | 

semipalmata, Aigialitis 201. 
inornata, Symphemia 200. 

Semipalmated Plover 201. 
Sandpiper 200. 


septentrionalis, Parus atricapillus 222. 


serrator, Merganser 194, 

Setophaga ruticilla 220. 

Sharp-shinned Hawk 204. 
-tailed Grouse, Prairie 203. 

Short-billed Marsh Wren 220. 
-eared Owl 205. 

Shoveller 194. 

Shrike, Northern 217. 

White-rumped 217. 
Shufeldt’s Junco 215. 
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Sialia arctica 223. 
mexicana bairdi 223. 
sialis 223. 

sinuatus, Corvus corax 210 

Siskin, Pine 187, 213. 

Sitta canadensis 222. 
carolinensis aculeata 222. 
pygmea 222. 

Slate-colored Sparrow 187, 216. 

Slender-billed Nuthatch 222. 

Snipe, Wilson’s 188, 199. 

Snowflake 214. 

Snow Goose, Greater 196. 

Lesser 196. 

Snowy Heron 198. 
Owl 206. 
Plover 201. 

socialis arizonz, Spizella 215. 

Solitaire, Townsend’s 223. 

solitarius, Helodromas 200. 
plumbeus, Vireo 218. 

Solitary Sandpiper 200. 

Somateria dresseri 182, 184, 224. 

Song Sparrow, Mountain 216, 

Sora 199. 

Sparrow Hawk, American 204. 

Desert 205. 

Sparrow, Cassin’s 215, 
Desert 215. 

European House 213. 
Harris’s 214. 
LeConte’s 187, 214. 
Lincoln’s 216. 
Mountain Song 216. 
Slate-colored 187, 216. 
Western Chipping 215. 

Field 215. 

Lark 214. 

Savanna 214. 

Tree 215. 

Vesper 214. 
White-crowned 214. 

Spatula clypeata 194. 


sparverius deserticoius, Falco 179, 182, 


183, 190, 205. 
Falco 204. 
Speotyto cunicularia hypogzea 206. 
Sphyrapicus thyroides 207, 
varius nuchalis 207. 
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Spinus pinus 213. 
Spiza americana 217. 
Spizella socialis arizonz 215. 

monticola ochracea 215. 

pusilla arenacea 215. 
sponsa, Aix 194. 
Spotted Sandpiper 200. 
spragueii, Anthus 181, 221. 
Sprague’s Pipit 221. 
Spurred Towhee 216. 
squamata, Callipepla 182, 183, 02. 
Squatarola squatarola 201. 
Steganopus tricolor 199. 
stellaris, Cistothorus 181, 222. 
stelleri macrolopha, Cyanocitta 210. 
Stellula calliope 183, 184, 185, 208. 
Sterna antillarum 193. 

forsteri 193. 

hirundo 181, 193. 

tschegrava 193. 
Stilt Sandpiper 199. 
streperus, Chaulelasmus 194. 
striata, Dendroica 219. 
striatulus, Accipiter atricapillus 204. 
stricklandi, Loxia curvirostra 212. 
strigatus, Chondestes grammacus 214. 
Strix pratincola 205. 
Sturnella: magna neglecta 211. 
subis, Progne 217. 
subruficollis, Tryngites 200. 
Surf Scoter 196. 
swainsoni, Buteo 204. 

Hylocichla ustulata 223. 
Swainson’s Hawk 204. 
Swallow, Barn 217. 

Cliff 217. 

Tree 217, 

Violet-green 217. 
Swan, Whistling 196. 
Swift, White-throated 208. 
Sylvania pusilla pileolata 184, 
Symphemia semipalmata inornata 200. 
Syrnium nebulosum 183, 185, 190, 205, 

224, 


Tachycineta bicolor 217. 
thalassina 217. 
Tanager, Louisiana 217. 
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Scarlet 180, 217. 

Tantalus loculator 197. 

Teal, Blue-winged 194. 
Cinnamon 194, 
Green-winged 194. 

tengmalmi richardsoni, Nyctala 182, 184, 

205. 

Tennessee Warbler 180, 218, 224. 

tephrocotis, Leucosticte 212. 
littoralis, Leucosticte 212. 

Tern, Caspian 193. 

Common 193. 
Forster’s 193. 
Least 193. 

Texan Bob-white 201. 

texanus, Colinus virginianus 201. 

thalassina, Tachycineta 217. 

Thrasher, Sage 221. 

Three-toed Woodpecker 207. 

Thrush, Audubon’s Hermit 223. 
Dwarf Hermit 223. 

Hermit 223, 
Olive-backed 223. 
Willow 223. 
Thryomanes bewickii eremophilus 189. 
leucogaster 221. 

thyroides, Sphyrapicus 207. 

tolmiei, Geothlypis 219. 

torquatus, Melanerpes 208. 
Phasianus 182, 183. 

Totanus flavipes 183, 200. 
melanoleucus 200. 

Towhee, Green-tailed 216. 
Spurred 216. 

townsendi, Dendroica 219. 
Myadestes 223. 

Townsend’s Solitaire 223. 
Warbler 219. 

traillii, Empidonax 209. 

Traill’s Flycatcher 209. 

Tree Sparrow, Western 215. 
Swallow 217. 

trichas, Geothlypis 184, 185, 190, 219, 224. 
occidentalis, Geothlypis 220. 

tricolor, Steganopus 199. 

Tringa bairdii 200. 
canutus 200. 
minutilla 200. 

tristis, Astragalinus 212. 


pallidus, Astragalinus 184, 190, 212 
224, 

Trochilus alexandri 208. 
Troglodytes aedon aztecus 221. 
Tryngites subruficollis 200, 
tschegrava, Sterna 193. 
Turkey, Mexican 203. 

Wild 203. 
Turnstone 201. 
Tympanuchus americanus 182. 202. 
Tyrannus tyrannus 209. 

verticalis 209. 

vociferans 209. 


umbelloides, Bonasa umbellus 202. 

urophasianus, Centrocercus 203. 

urubu, Catharista 204. 

ustulata swainsoni, Hylocichla 223. 
alm, Hylocichla 189. 


vallisneria, Aythya 195. 
varius nuchalis, Sphyrapicus 207. 
velox, Accipiter 204. 
vermivorus, Helmitherus 220. 
verticalis, Tyrannus 209. 
Vesper Sparrow, Western 214. 
vespertinus montanus, Coccothraustes 
182, 183, 211. 
vigorsii, Dendroica 220. 
villosus montanus, Dryobates 186. 
monticola, Dryobates 186, 207. 
Violet-green Swallow 217. 
virens, Dendroica 220. 
Vireo atricapillus 218. 
bellii 218. 
Bell’s 218. 
Black-capped 218. 
gilvus 218. 
noveboracensis 218. 
olivaceus 218. 
Plumbeous 218. 
Red-eyed 218. 
solitarius plumbeus 218. 
Warbling 218. 
White-eyed 218. 
virescens, Ardea 198. 
Virginia Rail 198. 


61 


238 


virginie, Helminthophila 218, 


virginianus arcticus, Bubo 184, 206. 


Colinus 201. 

henryi, Chordeiles 208. 

Rallus 198. 

texanus, Colinus 201. 
Virginia’s Warbler 218, 224. 
vocifera, Avgialitis 201. 
vociferans, Tyrannus 209. 
Vulture, Black 204. 


Warbler, Audubon’s 219. 
Black-poll 219. 
Canadian 180, 220. 
Connecticut 180, 219. 
Macgillivray’s 21%) 
Parula 218. 

Pileolated 220. 
Tennessee 180, 218. 224. 
Townsend’s 219. 
Virginia’s 218, 224. 
Wilson’s 220. 

Yellow 218. 

Warbling Vireo 218. 

Water-Thrush, Grinnell’s 219. 

Waxwing, Bohemian 217, 

Western Blue Grosbeak 216. 
Chipping Sparrow 215. 
Evening Grosbeak 211. 
Field Sparrow 215. 
Flycatcher 209. 
Goldfinch 212. 
Goshawk 187. 

Grebe 191. 

House Wren 221. 

Lark Sparrow 214. 

Marsh Wren 222. 

Nighthawk 208. 

Red-tail 204. 

Robin 223. 

Savanna Sparrow 214. 

Tree Sparrow 215. 

Vesper Sparrow 214. 

Willet 200. 

Wood Pewee 209. 

Yellow-throat 187, 220. 
Whistling Swan 196. 


White-faced Glossy Ibis 187, 147. 
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-ecrowned Sparrow 214. 
-eyed Vireo 218. 
-necked Raven 210. 
Pelican 193. 
-rumped Shrike 217. 
-tailed Ptarmigan 202. 
-throated Swift 208. 
-winged Dove 203. 
Junco 215, 
Scoter 195. 
Wild Turkey 203. 
Willet, Western 200. 
Williamson’s Sapsucker 207. 
Willow Thrush 223. 


Wilsonia canadensis 184, 185, 190, 220, 


224, 

mitrata 220. 

pusilla 179, 183, 220. 
wilsonianus, Asio 205. 
Wilson’s Phalarope 199. 

Snipe 188, 199. 

Warbler 220. 
Winter Wren 222. 
Wood Duck 194. 

Ibis 197. 

Pewee, Western 209. 


Woodpecker, Alpine Three-toed 207. 


Batvhelder’s 207. 
Downy 207. 
Lewis’s 186, 208. 
Northern Pileated 207. 
Red-bellied 180, 208. 
Red-headed 207. 
Rocky Mountain Hairy 207. 
Wren, Baird’s 221. 
Short-billed Marsh 222. 
Western House 221. 
Marsh 222. 
Winter 222. 
wrightii, Empidonax 209, 
Wright’s Flycatcher 209. 


Xanthocephalus xanthocephalus 211. 


Xema sabinii 193. 


Yellow-billed Loon 223. 
-headed Blackbird 211. 
-legs 200. 
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Greater 200. Zamelodia ludoviciana 183, 185, 224. 
Rail 199. melanocephala 216. 
-throat, Maryland 219. Zenaidura macroura 203. 
Western 187, 220. Zonotrichia leucophrys 214. 
Warbler 218. querula 214. 
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FARM NOTES. 


By W. W. COOKE. 


The following bulletin contains the records of various 


tests that have been made on the college farm during the 
years 1894 to 1899. They are grouped under the following 
headings: 


I. Alfalfa. 


a—Losses in cutting and curing. 
é6—Losses in the stack and in the barn. 
c—Alfalfa ensilage.. 

@—Three methods of handling alfalfa. 
e—Top-dressing alfalfa. 

/—Maoisture in green alfalfa. 
g—Moisture in alfalfa hay. 


II. Corn. 


a—Silo notes. 

6—Seed corn from different altitudes and latitudes. 
c—Variety tests of corn. 
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]. ALFALFA. 


A—LOSSES IN CUTTING AND CURING. 


It has long been known that there was some loss in 
making alfalfa hay. Part of this loss is chemical, arising 
from the fermentation of the hay when exposed to rains 
during the curing process. The rest of the loss is mechani- 
cal and consists of the breaking off of the leaves and smaller 
ends of the branches when the alfalfa is hauled after it 
becomes dry. To overcome the latter loss, so far as possible, 
it is customary to rake the alfalfa while it is yet far from 
dry, and, particularly, early in the morning while the dew 
still makes it damp and pliable. It is also cocked while still 
quite moist, and allowed to dry out slowly. Both these 
methods, while saving the mechanical losses, tend toward 
the increasing of the chemical losses through fermentation. 

To ascertain the exact amount of these losses several 
experiments have been made in different years. 

In the first set of tests, the field was divided into several 
long narrow strips. The whole field was cut at the same 
time, then every other strip was gathered up at once, 
weighed and three samplestaken. The alternate plots were 
made into hay according to our usual methods. When 
fully cured this hay was brought to the barn, weighed and 
four samples taken. The weight of the first multiplied by 
the average composition of the samples gives the value of 
the alfalfa when cut; the weight of the hay when cured, 
multiplied by its average composition gives its value after 
curing. The supposition was made that the alfalfa left on 
the ground weighed the same and had the same composition 
as that gathered up. Since the number of plots was never 
less than ten and the size was quite large, it is probable that 
the error, if any, was quite small. 

Three tests were made in this manner, ard they illus- 
trate the different conditions under which a'falfa hay is 
cured. 

_ The first cutting was made May 28 and owing tu several 
rains and considerable cloudy weather, it was not until June 
12that the hay was ready to go into the barn. This hay 
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had a hard time of it, but no worse than often happens to 
the first cutting of alfalfa in northern Colorado. The plots 
gathered up at once on May 28 yielded at the rate of 16,553 
pounds of green alfalfa per acre, which contained 23.2 per cent 
of dry matter or 3,840 pounds of dry matter peracre. After 
the fifteen days of hardship the final hay secured weighed 
3,302 pounds per acre, with 86.0 per cent of dry matter or 
2,839 pounds of dry matter per acre. Thus, of the original 
3,840 pounds of dry matter, but 2,839 pounds were saved, 
showing a loss of 1,001 pounds per acre or 26.1 per cent. 

In the second test the alfalfa was cut June 21, raked and 
cocked June 23, and brought to the barn June 28, or. seven 
days after cutting. The only moisture on this hay was a 
small rain and a mere sprinkle, both coming after the hay 
was in the cock, and neither enough so that the hay had to 
be opened up to dry. This case represents the ordinary 
good conditions of the first crop of alfalfa in Colcrado. At 
the time of cutting the field yielded at the rate of 16,258 
pounds of alfalfa per acre, containing 30.3 of dry matter or 
4,926 pounds of dry matter per acre. The hay put in the 
barn weighed 4,900 pounds per acre and was very dry, 
testing 90.3 per cent dry matter or 4,425 pounds of dry 
matter per acre. In this case, of the original 4,926 pounds 
of dry matter, 4,425 pounds were saved; a loss of 501 pounds 
per acre or a loss of 10. 2 per cent. 

The third trial was made in September, under perfect 
weather conditions, the hay coming to the barn without 
having had a drop of moisture fall on it. The crop was 
the heaviest ever cut on the College farm in the fall. The 
green weight was 13,133 pounds per acre, containing 38.0 
per cent dry matter, or 4,990 pounds dry matter per acre. 
This field produced, in the whole season, a little over seven 
and ahalf tons of hay per acre. When the experimental 
hay was put in the stack it weighed 5,097 pounds per acre 
and contained 93.0 per cent dry matter or 4,740 pounds of 
dry matter per acre. So, in this third trial there was a loss 
of but 5.1 per cent of the value of the hay in curing and 
stacking. 

The other method used for making a test of this 
same point was to cut the field and at once gather up the 
alfalfa from sixteen different plots scattered over the field, 
each plot being twenty feet long and the width of the 
mower swath. It was considered that these sixteen plots of 
over a thousand square feet would represent the average 
of the field. 

In the first test the alfalfa was cut June 8, raked June 
12, cocked the 14th and taken to the barn June 16. The 
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weather on June 9 and 10 was cloudy with some showers, 
but at this time the alfalfa had not yet dried much and it 
was but little injured by the rain. It showed a total loss of 
9.0 percent of value in the curing and gathering. 

The next sample was cut June 15, raked June 17, 
cocked June 18 and gotten inthe same day; all without a 
drop of rain. It also showedg.o per cent loss. 

The third lot was cut June 22, raked and cocked June 
24. That night a quarter of an inch of rain fell and the 
next day was showery. The hay was opened up, turned 
and recocked June 26 and taken to the barn June 28. It 
showed a loss of 13.0 per cent of dry matter. 

Another field was cut June 15, raked June 18, cocked 
June 19 and gotten in June 22. The weather was perfect 
and the hay showed 11.0 per cent of loss. Still another field 
cut at about the same time and under the best of conditions, 
showed 10.0 per cent loss. 

We thus have eight tests of the losses in curing and 
gathering alfalfa. They vary from 5.1 per cent to 26.1 per 
cent, with an average of 11.7 per cent. 

It is probable that this average is not far from the real 

average of the losses on the alfalfa in Colorado that does 
not suffer any hard rain. The first test with a loss of 26.1 
per cent, shows what may easily happen under bad con- 
ditions. 
_ It is specially to be noted that the hay which was made 
in perfect weather shows about the same loss as that which 
had cloudy weather and light showers. The hay that dried 
most rapidly became so brittle that the mechanical losses 
of leaves and stem were fully equal to the losses by ferment- 
ation during the damper weather. ; 


IB—LOSSES OF ALFALFA IN THE STACK AND IN THE BARN. 


A test was made to determine how much of its feeding 
value was lost by alfalfa hay after it was put in the stack 
and how much of that loss could be saved by putting the 
hay in a barn. 

_A field of alfalfa was all cut the same day, handled alike 
until made into well cured hay, then it was hauled and each 
two loads put alternately in the stack and in the barn. Lhe 
stack was divided by slats into four layers and the hay in 
the barn into four corresponding layers. The hay in each 
layer was weighed separately and duplicate samples taken 
for analysis. This hay was the first cutting and was put in the 
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stack June 15. It remained in the stack eight months and on 


Farm NOTEs. 7 


February 16 all the layers of the stack and in the barn were 
again weighed and sampled. The stack was about the 
same height and width of the usual alfalfa stack in Colorado 
and its being shorter than the average scarcely affects the 
results. ; 

As would be expected the top and bottom layers of the 
stack suffer more loss than the middle layers. The top layer 
lost, about five per cent of its weight in spoiled hay and the 
bottom layer about the same per cent of waste hay that was 
so injured by the dampness of the ground as to be unsalable. 

All the layers lost considerably in weight as follows: 


LOSS OF WEIGHT IN STACK. 


Weight as putin Weight when taken Per cent of loss 
Layer. June 1d. out Feb. 12. in weight. 
BS QGUGIU Aer Ne oe, oars cens ees cg 5048 4160 17.6 
DRCOG ER Ce. testers aun ea ocr 4906 4244 13.5 
Bn ea sates she eee es 4754 3946 17.0 
ODEN ate eee cs scckerriaes 4664 3554 23.8 
NV CLAU Ol accsicrs oie he Sots 4843 3986 17.7 


This loss, however, is largely due to the drying out of 
the water inthe hay. As put up the hay averaged 18.9 per 
cent of water; as taken out this had dried to but 11.1 per 
cent of water. The changes that took place in the dry 
matter give these figures: 


LOSS OF DRY MATTER IN STACK. 


Dry Matter as put Dry matter when Per cent of loss 
Layer. in June 15. taken out Feb. 12. in dry matter. 
IBOUGO Mae. apenca tr eie etese ss, « 4069 3593 iby 
SS Grains Pa eee eee ener nerds 4081 3818 5.3 
MISE hips, Sh pacar AOR ad cee ome 4030 3550 Wale 
SEO OP os uo sekente Mee DORR cle eee O03) 3197 10.8 
AWViCtAS Owes sath d-.. de OOS: 3589 10.0 


This latter table does not show the loss in real feeding 
value, for both the top and the bottom layers had some hay 
that could not be used for feeding. Ifthe amount of this 
spoiled hay is subtracted, it leaves the following as the losses 
of feeding value: 


LOSS OF FEEDING VALUE IN STACK, 


Feeding value as put Weeding value when Per cent of loss 
Layer. in June 15. taken out Feb. 12. in feeding value. 
BoOubomae. e468. blest 2 oe 4069 3390 16.8 
SEO bed aes MRO 4031 3818 D3 
MUTE Clee an ere nye seers chelate Fe 4030 3550 19 
Mone me ss) Athi 0.) doses wecoen 2997 16.1 
Average...........:3929 3439 12.4 


The results show that for every hundred pounds of hay 
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put into the stack 82.3 pounds were taken out and for 
every hundred pounds of feeding value in the hay as put 
in the stack 12.4 pognds were lost and 87.6 pounds were 
saved. The loss is one-eighth; that is, for every eight 
tons of feeding value in the original hay, seven tons are 
saved and one lost. 

Chemical analyses were made of the hay as put into the 
middle layers of the stack and as taken out. A comparison 
ot the two analyses shows what changes took place in the 
hay during process of curing in the stack. 


COMPOSITION OF THE STACKED HAY. 
As put in As taken out 


June 15. February 12. 
W ater: oe Ate’. . Ae ee Sl BS Pl eee eee 16.6 10.0 
Dry2 Matters toca «tees ee eee ema chau none 83.4 90.0 
Analysis of Dry Matter— 
PU] CV RS Re eae 3h 8 INN Pena SOPRA At! 3 2 9.91 11.84 
tier lixtract eters mess cnieeteis een eee 1.25 1.34 
Crude: Proteins cicsetissusteroise ae eon 15.07 14.74 
Crude Hibere carte su eee eee 36.97 38.62 
INitrogen-tree H)xtract..), .smemaeie sates 36.79 33.46 


The analysis taken in connection with the weights shows 
that the following losses of food ingredients took place in 
these middle layers of the stack. 


LOSS OF FOOD INGREDIENTS IN THE STACK. 


As put in Astakenout Per cent 
June 15, February 12. of loss. 


Ithersixtractere win. ee ieee 101 99 2.0 
@rudeP Protein carcccer ioe 1214 1086 10.5 
Crodepiiper: wes ssksi tes eee oe 2978 2845 44 
Nitrogen-frees Wxtract, w+... -5 ate. does 2964 2465 16.8 

otal ee prt cas ac ee Pe eee ce oe 7257 6495 10.5 


Samples were also taken and analyzed of the load from 
the top of the stack and from the bottom. The analyses are 


given below in comparison with the composition of the 
alfalfa when put in the stack. 


Original. Top of stack. Bottom of stack 
PAS Hing py gee ince R Boer Ar iho oe 9.91 11.64 12.18 
Withers bis trac teense 125 1.47 LATTE 
Crudeseroteinie see lee 15.07 15.94 17.04 
Crude Erber aren epee wes 36.97 38.82 36.84 
Nitrogen-free Extract..... 36.79 BAI 32.75 


In the top of the stack the loss falls on both the protein 
and the extract matter, while at the bottom the loss’ is 
almost confined to the extract matter and crude fiber. In 
both cases the loss of carbohydrates is greater than in the 
middle layers. 


_ The losses on the hay that was put in the barn show 
quite a different result: 
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LOSS OF WEIGHT IN BARN. 
Weight as put Weight when taken Per cent of loss 


Layer in June 15. out February 12. in weight. 
PIOUCO MA sea ee a A ore 3778 3480 (le) 
SCOUG ENE G Se nee 4752 A091 13.8 
UN Ta UR8 Sree 2 aaa te ae 4696 4103 12.6 
Ropers SA yet el J 4236 3663 13.5 
PA WEP OE eee fo ead a 4365 3834 12.2 


Judging by these figures alone one would think that the 
losses in the barn had been nearly as much as in the stack. 
A study of the amounts of dry matter shows that these losses 
are almost entirely losses in weight of water. The hay as 
putin the barn contained 20.8 per cent of water; when 
taken out it contained but 12.1 per cent of water. There 
were 13,804 pounds of dry matter put into the barn and 
13,478 pounds of dry matter taken out, being a loss of but 
2.5 percent. Since there was no waste hay this 2.5 per cent 
represents also the loss in feeding value in the barn. 

The final averages show 12.4 per cent of feeding value 
lost in the stack, while but 2.5 per cent of feeding value was 
lost from the hay that was putin the barn. This shows a 
difference of ten per cent in favor of the barn. 

In other words zzne tons of hay put tn the barn will feed 
as much stock as ten tons put tn the stack. 

It should be remembered that while these results indi- 
cate average conditions for the barn, they represent rather 
better than average figures for stacks of the first cutting of 
alfalfa in Northern Colorado. The stack under experiment 
was put up in good shape and had a chance to settle well 
before much rain fell upon it, while the season was in gen- 
eral favorable for hay in stack. These figures may be said 
to represent the least losses that one should expect with the 
first cutting. Had the same test been made in 1895 a very 
different story would result. That year at least one-third of 
the dry matter in the stack was lost. We made an extended 
test of the feeding value of this injured stack hay as com- 
pared with similar hay from the barn. It was found that 
the sheep eating the two lots of hay made exactly the same 
gain for the entire five months of the test, but for every two 
tons of hay from the barn we had to draw three tons from 
the stack, and this was in addition to the jarge amounts of 
worthless hay on the tops and bottoms of the stack. In that 
year therefore 4.4 tons ofhay put into the barn yielded as much 
feed as 10 tons in the stack. 

Of course this is an extreme case, but the average loss of 
all years for Northern Colorado is probably not less than a 
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fifth, that is, eizht tons of hay in the barn is equal to ten 
tons of hay in the stack. 

It may be asked why the farmers do not build barns for 
their hay and save these large losses. The answer is easily 
given. Barns are expensive to build and keep in repair; the 
labor of putting hay into the barn and feeding it to any. 
stock, except milch cows, is considerably more than to 
handle the hay by stacking. At present low prices of hay, 
the two items above more than equal the losses of hay in 
the stack. It seems probable that at six dollars a ton the 
gains will about equal the losses, and at above that price one 
could not afford to stack the first cutting. 

All the above calculations are for the first cutting and 
for Northern Colorado. ‘The losses with the second cutting” 
an much less, while the the third cutting has practically no. 
OSS. 


©—ALFALFA ENSILAGE. 


Some tests were carefully made on a small scale to see 
what losses might be expected in making ensilage of alfalfa. 
One test was made with the alfalfa put in whole as cut in 
the field, the other with the alfalfa cut to quarter inch 
pieces as we cut our corn for ensilage. The whole alfalfa 
showed aspoiled layer three inches thick on the top and _an 
inch layer around the side nearly all the way down. The 
ensilage of the bottom and middle was excellent and. was. 
greedily eaten by the cows andcalves. Its loss in the total 
weight was 10.7 per cent, but its loss in feeding value was 
probably a little larger. 

The other silo was filled with cut alfalfa. The next 
day the silo was covered with two thicknesses of building 
paper and one of boards and weighted with stone to about 
fiftv-ive pounds per square foot. When coverd the 
ensilage was hotter thanthe hand could bear. Two days. 
later the temperature had fallen to 83° F. and in two days 
more it had fallen to that of the air. Lhe ensilage shrank 
and settled a good deal. When put in it contained 33.0 per 
cent of dry matter. On opening the silo showed two inches 
of spoiled ensilage on top and half an inch on the sides. The 
spoiled ensilage was 7.3 per cent of the total weight. The 
loss in dry matter was approximately ten per cent. 

It is fair to presume that with a good tight silo, well 
ae ensilage from cut alfalfa should not make a larger 
sia alo here given in our small experimental silo, or 

per cent of its feeding value. To make good. 
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ensilage from whole alfalfa is a much harder proposition. 
It requires that the alfalfa be quite green; that the silo be 
both tight and deep; that the alfalfa be thrown into the silo 
in small forkfuls and carefully tramped and that it be 
weighted by four to six feet of some heavy, tight packing 
material like cut corn fodder. Ifthe alfala is put up in the 
middle of summer in clear, bright weather, it must be raked 
and loaded as fast as cut. One lot we tried was too dry for 
ensilage two hours after it was cut. 


D—THREE METHODS OF HANDLING ALFALFA. 


The preceding pages have given the losses that may be 
expected from handling alfalfa in the stack, in the barn 
and in the form of ensilage. Combining the losses in 
curing and gathering to those found in the stack and the 
barn, we can say that under the best of ordinary conditions, 
for every 100 pounds of feeding value as it exists in the 
green alfalfa at the time it is cut by the mower, 77 pounds 
will be saved if the hay is well cured and putin a stack 
under good conditions; 86 pounds will be saved if put in the 
barn, and 90 pounds can be expected if made into first-class. 
ensilage. The cost of the ensilage is so much more than 
handling the alfalfa as hay that as between the silo and the 
barn there can be no question unless it is shown that the 
dry matter of the. alfalfa ensilage has a higher feeding 
value, pound for pound, than that of the dry hay. In the 
comparison of the ensilage and the stacked hay, the princi- 
pal advantage of the ensilage must lie in the fact that the 
alfalfa can be put in the silo, even under bad conditions of 
weather at time of cutting, and that once siloed it is safe 
from the worst weather. 


JEE—TOP-DRESSING ALFALFA. 


A field which had been in alfalfa three years was. 
divided into five equal plots. The first, third and fifth were 
left as checks. The second plot was fertilized at the rate of 
sixty loads to the acre of fine, well rotted sheep manure. 
The fourth plot received half as heavy a top-dressing. The 
manure was spread on inthe winter and after the alfalfa 
started in the spring, it was run over with a smoothing 
harrow to break up the manure fine and allow the alfalfa 
shoots a good chance to grow. 

When the field was ready for the first cutting the eye 
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could detect a difference between the plots. 
had been manured were a darker green, the stems were 
larger, taller and more succulent, but they did not seem to 


be so numerous as on the untreated plots. 


Those which 


The whole 


field was cut the same day and the hay on each plot was 


hauled the same day. 


Weight 
Plot. hay. 


EN VCLALERL WOM Aid nee eerie 3117 
ANViOR Ag ONO 4, O.. sep cece 3162 


FIRST CUTTING. 


of 


Per cent of 


dry matter. 


SECOND CUTTING. 


Cr WW re 
a 
4] 
to 
oO 


PAWVET Age: Loonie rohit nea: 1847 
Average 2, 4, 


10 © +10 
OOF bho CO F 
(lezanie ole ose) 


@ 
— 
i) 


THIRD CUTTING. 


R. 


Third 
Cutting. 
1240 
1394 
1158 
1458 


ee i eee 1100 83.2 
DA nc sila gly Otel eee Rat 1340 85.9 
ee ies Cnet Men ewig Aes oe 970 88.7 
A come CRE eS 1010 88.5 
Dis, Sie ee aes eee 890 86.2 
CWIRTEEG IS GHAI ogsos bao bo 987 86.0 
PAVERS 2 Gul) 4 desta: Seed 1175 86.0 
TOTAL CROP FOR THE YEA 
Ny Ta eo eseee eee 6178 85.4 
PISS al eet See ies Ore 7070 81.6 
ile PSA AER SS rattnr it 5770 =e 87.0 
CR BS LS Ta ee eh 6042 86.3 
yap yc, 2 A ee 5884 85.9 
Averages. bite... 5044 86.1 
ANTACID R45 me Tea a, 6556 83.8 
Difference in favor of fer- 
AUDA OES seas Beicrtiars alae oe 612 
Percentage Difference..... 10.3 
CROP FOR THE SECOND YEAR, 
First Second 
Plot. Cutting. Cutting. 
edi, Dies te Pen 2240 1900 
ay ie” BRINE ar ht 2490 1908 
OM els toh eee 2000 1546 
Le PP eyed cock 2170 1856 
ae ee Te 2170 1820 
AVerage! Ion. cee. 2137 IPSS) 
Average 4 i kas 2330 1882 


Difference in favor of fertilizing 
Percentage difference 


Weight of dry 
matter per plot. 
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In both years the application of the fertilizer has 
apparently had a beneficial effect, but the result is not at all 
commensurate to the expense. Considering the manure 
itself as having no value, the mere hauling and spreading 
on the ground cost at the rate of more than thirty dollars. 
per acre. The plots were close to an acre in size, so that 
the figures indicate a gain of about 500 pounds of hay or, at 
present prices, about a dollar’s worth per acre. 

No one could afford to top-dress alfalfa with the 
prospect of gaining only a dollar per acre per year. It 
seems probable that if itis desired to fertilize the land for 
alfalfa, that the land be plowed, the manure being turned to 
the bottom of the furrow, then the land cropped with corn 
and grain for one or two years and then seeded to alfalfa. 
We undertook to make this test, but the experiment was. 
never completed. 

In order to ascertain whether this heavy supply of plant 
food had made any difference in the chemical composition 
of the alfalfa, samples were analyzed of each of the cuttings 
of both the fertilized and unfertilized plots. 


COMPOSITION OF DRY MATTER. 


y , Nitro- Phos- 
Cutting Ach |hther | Orade | Cede leacfrce! Lotel | phonic | Potash 
FM LOMENILZOG oc 5cc.5)5.2 alersissiccqan cit Looe 1.54 13.88 | 85.74 | 87.55 2.22 0.59 3.09 
Wriertilized: wfc o1s oF eaipeOe Td 1.84 | 18.14 | 39.59 | 36.23 1.98 0.46 8.28 
Second, fertilized. :...:........| 9.12 1.02 11.14 | 48.63 35.09 1.78 0.48 8.12 
Winfertilized 2 8ei295 Geten| 18:95: 1.04 | 11.08 | 45.22 | 33.71 1.78 0.36 2.31 
Third, fertilized 7 thes 4.ten = (g10-99 1.19 | 14.58 | 36.74 | 36.51 2.33 0.47 2.75 
Unfertilized.. ............|| 10.6£ 1.24 | 14.59 | 36.75 | 36.78 2.33 0.42 2.91 
| 

Average fertilized. ..........| 10.47 1.25 | 13.20 | 88.70 | 86.38 2.11 0.51 2.99 
Average unfertilized ........| 9.77 1.2L | 12.97 | 40.52 | 35.59 2.08 0.41 2.83 


The third cuttings are essentially duplicates. In the 
first and second cuttings the alfalfa from the fertilized plots 
hasa higher feeding value and is richer in plant food. 
These differences are large enough so as to make it 
probable that the results are not accidental, but are due to 
real differences of composition caused by the application of 
tie Tertiizer. 
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F—MOISTURE IN GREEN ALFALFA. 


The actual amount of water in alfalfa at the moment 
the mower knife cuts it, we have tested but little, as this has 
hardly any practical bearing, but we have made several tests 
of how much moisture it holds about an hour later, that ts, 
in the condition it would be if put in the silo. One test tne 
last week in May gave 76.8 per cent of water, or 23.2 per 
cent of dry matter. Four tests the third week in June gave 
69.7, 67.0, 75.6, 72.8 with an average of 71.3 percent of water, 
which is just about right for the best results in the silo. 

A sample cut in September, in bright drying weather, 
was dried to 62.0 per cent water in an hour, too dry to be 
put in the silo, while a sample as actually put in the silo in 
October during cloudy weather was 74.0 per cent water. 


G—MOISTURE IN ALFALFA HAY. 


Few farmers realize how much water there is in what 
they call dry hay. 

It is impossible to dry out all the water from hay with- 
out resorting to artificial heat. Hay spread out in a thin 
layer in direct sunlight and sheltered from all rain and dew 
will finally dry out until a hundred pounds of hay contains 
only five pounds of water. This is as dry as it can be gotten 
without the use of a regular drying oven. 

In Colorado “air dry” means with about ten per cent of 
water; that is, if hay is stored in a barn and sweats and drys 
out thoroughly, a hundred pounds will contain about ten 
pounds of water. Oats and wheat in the bin late in the win- 
ter contain about the same amount of water, while corn in 
the crib will contain by the next spring about the same ten 
per cent of water. 

But the “well cured” hay, as usually put in the stack or 
the barn, is far from these conditions. In the course of our 
experiments we have had occasion to test the moisture of 
thirty-five samples of hay taken in different years and rep- 
resenting the three cuttings. 

Three samples taken in June tested 23.2, 30.0 and 26.3 
per cent of water, with an average of 26.5 per cent and they 
heated quite badly, becoming dusty and a little darkened. 
Seventeen samples that kept well tested 14.0, 13.0, 9.3, 11.2, 
20.0, 22.7, 22.9, 17.1,” 19.4, 17.8, 15.2, 23.1 eomnons: 10.4, 18.4, 
11.7 per cent with an average of 15.2 per cent of water. 
The dryest of these with 9.3 per cent of water is too dry, 
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being so brittle as to lose too much in handling, while the 
wetter ones 20.0 per cent and above will probably contain 
some forkfuls that are too wet and will make the hay dusty. 
From 15 to 18 per cent of water is about right for the 
proper handling of the hay and its settling in the stack so 
as toshed rain. This means that the hay will lose about | 
one-fourteenth of its weight of water in drying out in the 
stack, besides its loss from fermentation and washing. 

The samples of hay from the second cutting contained 
22.0, 24.0 and 24.0 per cent water and heated somewhat. 
Five samples contained 16.8, 18.9, 15.9, 17.7, 19.8 with an 
average of 17.8 per cent of water and all kept well. 

Five saniples of hay from the third cutting tested 15.5, 
Pe, 18.0,711-2, 12.5 averaging “1.30 per cent of -waterand all 
kept in excellent shape. 


I]. CORN. 


A—SILO NOTES. 


The very cheaply built silo described in a former bulle- 
tin of this station was filled with fodder corn. In one of the 
four compartments the top layer was composed of abouta 
ton of corn, and the covering consisted of a layer of wet 
straw and then about four inches of wet dirt. The top layer 
was spoiled for a little over two inches. This and the cov- 
ering make a weight for the second layer of about sixty 
pounds per square foot. This second layer contained 9997 
pounds of corn fodder at the time of filling. When opened 
and fed out the last of December it weighed just a thousand 
pounds less, or a lossof ten per cent. The layer next under 
this shrank from 972! pounds put in, to g40g pounds taken 
out—a loss of but three per cent. ~The most expensive silo 
could not preserve corn with a less loss. 

When the silo was filled the corn was separated into 
four Jayers by boards,and rods of known lengths were firmly 
attached to these board partitions, so that as the boards set- 
tled the thickness of the layers would be known from the 
height of the rods. 

The silo was ten feet square and the bottom layer con- 
tained 6588 pounds of fodder corn cut into quarter inch 
pieces. When on top of this layer one more load had been 
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placed and well tramped, that is, half an hour later with a 
weight of fifteen pounds to the square inch, the layer. was 
34% inches thick, giving a weight of 23 pounds to the cubic 
foot. In another hour, with a weight on top of 95 pounds to 
the square foot, the layer had been squeezed five inches 
thinner and weighed 27 pounds to the cubic foot. The next 
morning with an average pressure of about 213 pounds to 
the square foot, the layer weighed 31 pounds to the cubic 
foot. During the next two days the silo was filled up, cov- 
ered with wet straw, allowed to stand four days and then 
covered with wet dirt. This gave an average pressure of 
323 pounds to the square foot. Three days later, that is 
ten days after the corn was put in the silo, the bottom 
layer had settled 7 inches to 18% inches thick, or 44 pounds 
to the cubic foot. Six weeks later it had settled two inches 
more and another inch in the next month. It then weighed 
50.7 pounds to the cubic foot. When the pressure was re- 
moved by the throwing out of the upper layers, this bottom 
layer expanded one inch from 15% to 16% inches, or from 
50.7 pounds to the cubic foot to 47.9 pounds. 

The next to the bottom layer contained 9721 pounds of 
fodder corn. An hour after it was put in the silo, when it 
was weighted 35 pounds to the square foot, it made a layer 
58 inches thick, or 20 pounds to the cubic foot. By the next 
day at noon, with 125 pounds of weight to the square foot, 
the layer had been reduced to 48 inches thick or 24 pounds 
to the cubic foot. At the end of eight days, with an average 
pressure of 244 pounds per square foot, it had shrunk a 
quarter more and weighed 31 pounds to the cubic foot. Ten 
weeks later, when the bottom layer weighed 50.7 pounds to 
the cubic foot, this layer weighed but 33.3 pounds. One had 
a pressure of 244 pounds andthe other 323 pounds per 
square foot and the one with the lighter: pressure is the 
heavier proportional to the pressure. 

The third layer from the bottom contained 9997 pounds 
fodder corn. An hour after it was put in, with a pressure 
of 25 pounds per square foot, it was 57 inches thick or 21 
pounds to the cubic foot. Eight days later, with an average 
pressure of 145 pounds per square foot,the layer was 39.5 
inches thick, 30.3 pounds per cubic foot. Here. again, the 
weight per cubic foot is not proportional to the pressure. 
It did not change from this weight, compressing only to 31.5 
pounds per cubic foot at the lowest. When the cover and 
upper layer were removed-the top of this third layer rose 
two and a half inches, this being the amount that the whole 
mass of the three layers below expanded. This expansion 
seemed to be one inch for the first and third layers and half 
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an inch for the middle layer. As the three layers together 
were 88 inches thick, the expansion was but three per cent 
when a weight of 95 pounds per square foot was removed. 

The three layers together were 88 inches thick and 
averaged 36 pounds per cubic foot with a pressure above 95 
pounds per square foot, or an average pressure for the whole 
of 226 pounds per square foot. It has been estimated that 
it requires a pressure of about 1500 pounds per square foot 
or about ten pounds to the square inch to compress ensilage 
to its least possible bulk, when it will weigh nearly 64 pounds 
to the cubic foot. This is on supposition that the fodder 
corn is properly matured. The greener the corn the more 
it will weigh to the cubic foot with small pressures and the 
less pressure it will take to force out the last of the air. 


IW—SEED CORN FROM DIFFERENT ALTITUDES AND LATITUDES. 


peutestewaswinade extending over four years tomsee 
whether the altitude or latitude of the place at which the 
seed was grown would have any effect on the yield when 
planted in Colorado. Or,to put the problem in a little differ- 
ent words, to see whether Colorado grown seed was better 
or poorer than that grown further east. The two varieties, 
Pride of the North and Leaming, were selected for the test 
since they are the largest corn that will ripen at Fort Col- 
lins, and the seed is handled by most of the large seed deal- 
ers. Fort Collins is out of the main corn belt so that none 
of the yields are so high per acre as are commonly obtained 
in the Mississippi Valley, nor nearly so large as would be 
grown in the Arkansas Valley in this State. But the prin- 
ciple of comparison is the same, even with the smaller 
yields. The following tables give the weight per acre of the 
whole crop or what it would yield if grown for ensilage and 
also the weight per acre of shelled corn. 
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WEIGHT OF WHOLE CROP PER ACRE. 


Pride of the North. 


State 


Firm 


Nebraska 


Colorado 


Pennsylvania ......... 


PWT OMS serena ents 


Minnesotarec. nas sset 
WDM. so50n Soopoohes 
Minnesota...........++ 
Pennsylvania.........- 
(0) sto onontoneercanaead 
INR? NOTA Ss so Sdoscr unas 


PUA OLS e er eieuct tate tear 


Michigan 


.|Barteldes & Co 


Nebraska Seed Co 


LieetK insOye space tes cco tuttspecneeetor: 
W allie Mauleth. tic .ap renctcr see oe 
Vaughn Seed Store 


Matthe ween cesesstestcctianeaieseiee 


Northrop King & Co 


Od ma BAUSChOrear ie sinls co eieiseslejemistersect 


font May (Com sssessicaies ect eers 
WieAs Burpees:..cc..ucaee see aeeese 
Storrs Harrison & Co............. 
Joe Thorburn y.erts es tae eee 
Be We Buckbee sc cccyseciselsertr ot 


D5 Mr) Wenry- i. ncstemcen ctr seiers 


Rowa Seed: (Gorsece ss scnice a aeeetl 


1897 
lbs. 


1898 
lbs. 


| 4899 
lbs. 


12666 
14833 


7602 
12934 
8111 
9818 
15522 
7659 
8653 


Aver’ge 
lbs. 


14250 
14385 
12569 
20625 
18375 
16750 
10221 

TOL9 
10839 
10978 


Pride of the North 


WEIGHT OF SHELLED CORN PER ACRE. 


State 


Firm 


1899 
lbs. 


OWA iectnees Geen ooncvtarne 
Minnesota............ 
Coloradonasenc sven 
Ib boyy Ad.Gu aden moer 
Minnesota........ ..-. 


Pennsylvania.......... 
ONTOR ate ecatecuaeis 
News Grksin.oestonere 
LUNGS Si aes Go comenarise 


Mirchiicanmescececesies 


COLOTAC Oma eee 


“idle BAUSCHOT: neue ce oNh wars See nee 
Hee Pai May COS rs crcencwens ve ae ee eee eee 
We As BULPCOiadi.w.0 cme genera eee 


dee AWG ASE) Jovy es fo Be deboloacat.s 


|, LOWA SOG! (COsgsime sn ctsareceemeie eee eee 
HNOrthrop Kin midck Conc eaen eee 
ANLUGG= KANG Oya | Haeiewevnt teen oer ee eee 


i MLOCLS LLarrisOn’ ws Onn. .oseciece cee comes 


Sande AUN) dob ony on Gacsdaepaods xs uae Gnas oo 


De Mi eherry:. 20> -en et ae ee 
Barteldos: & Cos sc.uecsscense seen eee 


1730 
2261 
2666 
2142 
2375 
2000 
2000 
2537 
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Leaming. . 
sate Piem ses | aa | spe | so lasgres 
NebraskeiCer periac, «arcu Nebraska Seed’ Cov... esac cane» TOZ5OD ilies autores lie eepwteloraite eee 19250 
Pennsylvania.......... eisai dire Giese. pts ten cares ele tie. | SLC OUO MEL OM Gi Ilse. secs 13500 | 16805 
caged OI eater oe w. EMA Gi. os eet ee eee 20874 | 14833 7500 | 17900 | 15277 
EUR GES aioe ees ci. ye whe l\Vauehn Seed Storoess ia. eee nilHt7000n ie teernns| ecient 17000 
TON Gee waracse Soe IB ae Towa Bese Go nea cco seietestecce lee meee 20250 | 11000 15839 15523 
Minnesota............. Northrop King & Co............+.| 19625 | 21083 | 6750 | 10769 | 14566 
Galelorpig 65. 5.20 lCox Peed CON saci eitemscs.s soicame lessen 20833 6000 | 14318 | 13717 
Colorado..............|Barteldes & Co................445 15125 | 27750 | 10000 6018 | 14723 
WFASRACHUSOCUS S12 a5 10's coilit ral OT SL PARGQULUAD «see cect pe oiiee sauna ie fieradays.cle ore 23c00 lear 13205 | 18228 
Minnesota, <5. 0.6. +<2- la Bas May ICO aise 5. cts cfossrani se ss stale | emcieiscners 24833 8250 | 15925 | 16336 
Wisconsin......... ISA. Salzer .cee see. Sateiaystshefsie¥al onl ise eyeaee 24333 9375 | 18921 | 15876 
Pennsylvania ......... MW ASPDULDEO iG tae eeaccaacd SRE MEAS 20166 2875 | 13571 | 12204 
PPR LOG ace aes sles SEOLES tC) ATTISODGS Opens cites sensi sien en 20166 8u00 | 15106 | 14424 
INGWeS Ores ea se aes er inee NOLDULN |. teccapecinasee casnlesnencles 17333 4875 | 12708 | 11638 
BWR GE Serer ciss = 5: <)s's 5 HL WieBbuckbeedsmonscner ses sane tects 22000 6875 | 14411 | 14428 
Massachusetts......... lelepein 41 APO ROLY ras epee eine racine ctote 25416 10250 13921 16529 
Pennsylvania.......... JORNSOM StOKeS"W Comers ace stele | nace sme 14750 4000 | 14857 | 11202 
WEIGHT OF SHELLED CORN PER ACRE. 
Leaming. 
State Firm {bécodl oa, Lote eles 

WVOWAN cceieacoiets sms ainteiois | DRONES EES SL)5 i sercesoes opp ONDE ODOC OOO DOE 1750 1182 2659 1864 
Mipmosote: ecco LN OLED ODE AIT P OAC Ose treitets oo a acai elove er sleqa's ne 2250 945 2692 1962 
MS ANTRAL A Gee cesar COX COU CO wats ere cies: slave) ole's) siesainiaalaisinaras 2000 575 2613 1729 
WOLONAAO soe ai seeun cscs. Barteldesid& Comencassncticicise s/s roe said Aetesl OOO 340 1481 1296 
Massachusetts......... ee ool MALGUharrmansacen ccs. ddelew atevaine 2OSB A eases 1923 2003 
Pennsylvania ......... DRE andreulia seem scoecs settee iss fccreie chases D750: Glhtcecknee 1800 1775 
DERRY Gee eee See ae ie Wee Od ENA Ot) 3 Seino nin ndlac noc enmne BEC miCeres le 2000 822 2692 1838 
SR SOOT SITU circa reio ee DALZOM ae cmectrciiaitn nace ci ais) veie(e. sh euauspreis 2083 537 1764 1461 
Pennsylvania ......... Ws A BUrpes tin aatccrewitestnete cas seiamscpoivar EPSOM Weerstseras 1982 1866 
ME aota5s2 ts ver Wills, Maule ties se renctect tice tots asbjaceieyciersinraiene 666 472 3000 1379 
“OUI Oy st bernie CONS OEE Storrs: Harrison CO ge. eae siscleelave wlects 1166 591 2021 1259 
Iens WbTa ee « dh pace ea Be el oe IE AB Won d send ate gabauS came mee eC ena een 2000 505 1458 1321 
IBN bGe OVS: oo on coe oemneee EL as Wight BCDC Olea tate oh aida, 00 s,e0s 01 are/atets 2083 577 2745 1801 
Massachusetts......... Dygleeck lee CLV Om OLY neuter nic aie einre steerer 2750 618 2058 1809 
FOHUSOD HUOKES (Gh COs ee cies cscs os:2 6) 5181- 1416 410 2142 1323 


Pennsylvania 
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The results are not at all uniform, but it seems possible 
to draw the conclusions that the seed grown in Colorado 
produces just about the average of that grown in all the 
other states for Pride of the North, and less than the aver- 
age for the Leaming. The northern grown seed shows 
poorly for Pride of the North and among the best for the 
Leaming. The eastern grown seed Massachusetts, Pennsyl- 
vania and New York on the whole gives better returns than 
that grown west of the Mississippi river. 


©O-—-VARIETY TESTS OF CORN. 


For the past six years there have a large number of the 
principal varieties of corn been grown on the college farm. 
It is believed that the results of so long a test will prove 
valuable as giving a clear indication of the general kind and 
size of corn that will do the best under the given conditions 
of altitude and latitude. All grades were tested, from the 
Will’s Gehu that ripens long before frost and bears its ears 
less than a foot from the ground, to the Giant Mexican 
June that sends out its silk as high as a man can reach and 
is barely tasseling at the usual harvest time. 

In all cases the corn was planted in hills three feet apart 
each way. In 1895 it was not irrigated and the crop was 
small. The other years the corn was irrigated twice. The 
land on which this corn was grown was a different field each 
year and was for the most part on ground that had been 
heavily manured. In all cases it was land so rich and in 
such condition that it would have raised a large crop of 
grain. In other words the small crops are due to the climate 
rather than the soil, and show that Fort Collins is outside of 
the corn belt. Still, corn will grow here so well that if it was. 
not for the ease and cheapness with which alfalfa can be 
grown, corn would be the cheapest fodder for dairy stock. 


VARIETY TESTS OF CORN 1894. 


Variety. Total Crop Green Ears Green Stover Shelled Corn, 
per acre. per acre. per acre. per acre. 
Flint Corn— : 
Golden Dew Drop.. 16,800 4,820 11.980 1,926 
Will’s Gehu ........ 14.200 4,900 9,300 2117 
King hilipaeaaas 19,200 3,600 15,200 1,028 
Saoford’ ss cu0. 66. 23.400 5,300 18,100 1,809 
Longfellow Ges Wats ® ae 19,600 3,850 15,750 1,327 
NOVA, ISGWIER, osc Cane 14,200 2,900 11,300 1,176 
Dent Corn— : 
nae of the Field.. 22.800 6,300 16,500 1,686 
urdu ee ee 18,400 5.405 2.97 ; 
wee acl 5,423 12,977 2,408 


recrene 21,400 6,869 14,531 2,408, 
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Total Crop Green Hars Green Stover Shelled Corn 


Variety. ; 
per acre, per acre. per acre. per acre, 
Wis. Yellow Dent... 21,600 5,900 - 15,700 QAGT 
Pride of the North.. 24,800 5,800 19,000 1,809 
Cali. Yeillow......... 22,400 6,250 16,150 1,926 
Was todoGne.8....2.... 20,000 
Chester CountyMaw. 21,200 
UGC Neale a Sol 23,200 
Champ. Co. Prolitie.. 23,000 
eMINoe  ie oo oe 3 30,800 
Giant Fodder ....... 35,060 
Va. Muammoth....... 20,800 
VARIETY TESTS OF CORN 1895. 
Flint Corn— 
Golden Dew Drop... 12,100 2,600 9,500 
Wiles Gebun. o. <0. 2. one 3,750 4,125 
AGT) 2d 20600 oo ee ee 13,000 3,100 9,900 
PO LOR EI ene tert 14,750 4,375 10,375 
WMongtellow 0c... 5.. 14,200 - 2,000 12,200 
Minne ee so. Ss: 13,000 3,900 9,100 
White Australian... 18,600 6,560 12,100 
Angel of Midnight... 12,600 2,000 10,600 
' Yellow Australian .. 10,700 4,700 6,000 
Colorado White..... 25,100 4,400 20,700 
Brazilian Flour.... 18,000 sage 18,000 
Dent Corn— 
King of the Earliest. 20,450 3,900 16,500 
Queen of the Field.. 18,500 5,500 13,000 
FEMUR eee oeticies ates oo > 12,100 3.800 8,300 
Warmiteme earl ©. i.e 14,700 1,900 12,80) 
Pride of the North.. 17,500 4,000 13,500 
Goldie. ac... 18,000 4,500 13,500 
White Cup Dent.... 17,000 2,300 14,700 
MG EUR <i eee eas 15,700 4,000 11,700 
Riley’s Favorite..... 19,000 2,700 16,300 
IWEASTO CONIA Ns «oe .cn 15,250 Liam 13,500 
ROGUE GDM asec: 426 <1 20,000 re 20,000 
SATAN ery ce ares « 18,400 3,750 14,650 
Giant White Dent... 18,400 2,200 16,200 
Womagiieror a. i... ... 7,000 900 6,100 
iain (eo Ady ce 2 2. 20,400 4.400 16,000 
We waai a Bysie Nee e as te eo PAO) 4,500 16,000 
Giant Mex. June.... 13,600 5 eo 13,600 
SiWwelel chy Spee cneaeenee 11,100 4,900 6,200 
COlGnehOW .. 2. 4. 20,700 2,700 18,000 
Golden Beauty...... 22,200 3,700 18,500 
Nebr. White Prize .. 17,400 3,200 14,200 
Early California .. , 21,000 4,000 17,000 
Golden Seal ........ 23,700 5,200 18,500 
Hatbaway’s Yel.Dent 18,700 8,500 10,200 
Evergreen Sweet.... 15,600 3,400 s 12,200 


VARIETY TESTS OF CORN 1896. 
Flint Corn— 


Golden Dew Drop.. 24,500 3,730 21,750 1,670 
WittstG eh 2... 9.3800 ANG IG, }.200 2,330 
ipcvayer 1PSabil tials Greece eee 19,250 3,830 15,420 1,900 
Sa HOG ewe aoe enac 24,100 4,600 19,660 1,417 
MoneteliOw= 22. ....- 25,800 2,580 93,220 1,090 
White Australian... 19,500 6,100 13.400 3,000 
Angel of Midnight.. 16,100 1,600 14,500 400 
Yellow Australian... 6,800 2,300 4 500 1,100 


Colorado White..... 27,600 4,700 22,900 1,400 
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: Total Crop Green Hars Green Stover Shelled Coro 
Variety. 


per acre. per acre, per acre. per acre. 
Brazilian Flour..... 44,600 Paes 44,500 

Dent Corn— 
Queen of the Field. . 22.200 6.250 15,950 2,750 
White Pearl. . 20,500 2,700 17,800 500 
Pride o the North. . 19,700 4,600 . 15,100 2,250 
Dakota Dente.a...-- 16.000 4,000 12,000 1,900 
Golde Minereemresnre 17,500 4,800 12,700 dict 
White Cap Dent.... 24,700 4,900 19,800 we 
Grathineemeee creer 17,800 4,000 13,800 1,600 
Riley’s avorite..... 20,300 2,700 17,600 aS 
MESROCIOI Ag occ ace oe 18,200 3,250 14.950 1,000: 
Redk COD Rene Saree oo OU 3,900 29,300 Bad 
IGRI Logo oa o65 ¢ 18,700 4,400 14,300 2,400: 
Giant White Dent.. 16,600 1,600 15,000 ; 250 
Gouquereieasset a 14,400 1,600 12,800 eee 
Manet. COlseya coc oe 21.100 5,200 15,900 1,900 
Wiryii [Ril cso mcoe 19,000 3,200 15,800 ee 
Giant Mex. June.... 84,000 ee i 84,000 De 
Swadlovmeceer cee 10,800 3,800 7,000 2,000 
Golden Row........ 31,000 5,700 25,300 1,900 
Golden Beauty...... 27,200 5,300 21,900 rae 
Neb. White Prize... 22,700 3,100 19,600 750 
Early California .... 24,100 3,700 20,400 Era 
GoldenwSealhs...+- 13,200 3,400 9,800 1,300 
Hathaway’s Yellow 

DSint recat sre eve. 18,100 6,100 12,000 Bee 
Evergreen Sweet.... 20,700 1,700 19,000 500 

; VARIETY TESTS OF CORN 1897. 

Flint Corn— 
Seon Aaomn spouos 13,750 2.667 11,083 1,250. 
Wonrtellowadene yer 16,861 2,917 13,944 16!) 
White Australian... 15,583 4,333 11,250 2,250. 
Angel of Midnight.. 16.000 4,083 11,917 1,750; 
Squaw Corn........ 7,167 3,000 4,167 2,083 
Compton’s Harly.... 17,250 2,917 14,333 1,417 
Harliest Ripe....... 4,416 2,083 2,330 1,250. 
Harly Canada....... 12.666 2.833 9,833 1,333 
Minn. White Klint... 17,666 4.583 13,033 2,250 
IRGCIOIEWANS| neg pone 9,750 1,500 8,250 750 
Pride of Canada.... 13,000 F250 10,750 ° 1,167 
Brazilian Flour..... 21,500 ans 21,500 Sox 
Winter Hi lin beeen 14,583 8,250 11.343 1,167 

Dent Corn— 
Pride of the North.. 14,242 3,371 10.871 1,568. 
DakotaiDemtreer nes 8,666 3,083 OSS 1.416 
EEUO aeteeeies <t-are 17,333 3,583 13.750 83a: 
Gold Minera cis./5 a 17,333 3,250 14,083 1,417 
Grating eee 12,333 2,333 1,000 2,000 
King of the Harliest, 20,083 3,667 16,416 1,667 
Towa Silver Mine.... 18,667 3,167 15,500 1,167 
Red WE Sn so Renee 40,333 7,583 32,750 2.333 
Leaming OS ES RDO ah 21,028 4,589 16,439 1,761 
Cuban Giant....... 17.333 1,917 15,417 500. 
Seah Mex. June.... 44,417 ts. 44.417 : 

wadley .f.......... 12,500 3,250 5) ‘58 
Golden Beauty...... 20.875 3.792 oe 1108 
Evergreen Sweet.... 20.667 3.0.0 17.667 750 
Blount’s Mammoth. 25,167 4,500 20,667 1,250 


Variety. Total Crop 
per acre. 
b lint Corn— 
MSE EOLGi eer cece ek 4 7 Us) 
Longfellow ......... 6,708 
Angel of Midnight... 8,500 
mgquaw Corn... ... 5,375 
Compton’s Early... 7,500 
Karly Red Blazed... 6,750 
Prides of Canada... .- 10,625 
Dent Corn— 
Pride of the North.. 6,438 
Dakotas DOnteo oc... . 3,125 
Karlywluron........ 5,625 
GOWN sone: oc. ss 8,625 
Guranieines o eays- 5 «2.2. 5,875 
King of the Earliest. 8,125 
Silver Mine......... 11,875 
HROGRO@ ODE sec cre tis = ae ORO 
WORMS © gece aic oes 7,365 
Cuban Giant... ... 8,375 
Giant Mexican...... 9,750 
VETO EEON (etch. oc 4,500 
Blount’s Mammoth... 5,875 


VARIETY TESTS OF CORN, 


Farm NOores. 


VARIETY TESTS OF CORN, 1898. 


Flint Corn— 
Golden Dew Drop.. 17,800 
Woltts Gehu ns. 10,458 
MimpePnilipie. .a:e.- 17,150 
SSAMILOLG, hevarecarcte sec ahy 16,625 
Longfellow ......... 16,634 
WE ifarales 2G eye oe Gere 13,600 
White Australian... 17,894 
Angel of Midnight.. 13,400 
Yellow Australian... 8,750 
Colorado White....-. 26,350 
Brazilian Flour..... 28,000 
Squaw Corn........ 6,271 
Compton's Harly.... 12,375 
Earliest Ripe....... 4,416 
Early Canada....... 12,666 
Minn. White Flint... 17,666 
Red-blazed .......-. 8,250 
Pride of Canada..... 11,813 
Wihitealimtia.. .... 14,583 
Dent Corn— 
Queen of the Field.. 21,167 
le OU Rea ory en eee 14,115 
Witteman liners. cs.- 18,867 
Wis. Yellow. Dent... 21,600 
Pride of the North.. 16,536 
Gale Yellow asec: ..- 22,400 
Mastodon s.). cae: - 19,483 
Chester Co. Mam... 21,2C0 
ReGU@.O Diet iia secrsi-s 25,112 
Champ Co. Prolific. . 23,000 
IDET TYSe) Bene peor 19,259 
Giant Fodder....... 35,000 
Va. Mammoth...... 20,800 
King of the Earliest. 16,203 
GoldeMinerrtece sc. 15,365 
White Cap Dent.... 20,850 


Green Ears 
per acre. 


1,125 
1,333 
1,500 
3,250 
1,250 
1,500 
2,000 


1,750 
1,500 
1,750 
2.375 
2.950 
1,375 
2,250 

375 
1,448 

750 

500 


3,723 
4,950 
3,510 
3,593 
2,536 
3,400 
5,644 
2,296 
3,500 
4,550 


Green Stover 
per acre. 


6,000 
5,375 
7,000 
2.125 
6,250 
5,250 
8,625 


4,888 
1,625 
3,875 
6,250 
3,625 


AVERAGE OF 1894-1898. 


14,808 
6,208 
13,640 
13,032 
14,098 
10,200 
12,250 
11,104 
5,250 
21,800 
28,000 
3.146 
10,291 
2.333 
9,833 
13,083 
6,750 
9,688 
11,333 


15,150 
10,476 


23 


Shelied Corn 
per acre. 


930 


642 


24. 


Variety. 


nratiiiviee serie 
Riley’s Favorite 


Total Crop 
per acre. 


Giant White Dent.. 17,500 


Conqueror..... 
Mam. Cuban... 
Mammoth Red 
Giant Mex. June.... ¢ 
Swadley....... 
Golden Row... 
Golden Beauty 
Neb. White Prize... 
Early California.... 
Golden Seal.... 
Yellow 
Evergreen Sweet.... 
Dakota Dent.. 
Iowa Silver Mine... 
Cuban Giant.. 
Blount’s Mammoth.. 


Hatbaway’s 
Dent 


12,854 
15,021 
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Green Ears 
per acre. 


Green Stover. 
per acre. 


9,781 
16,850 
15,600 
9,450 
15,950 
15,900 
37,942 
7,484 
21,650 
19,161 
16,900 
18,700 
14,150 


11,100 
13,217 

6,403 
12,562 
11,520 
10,521 


ID—NUMBER OF STALKs IN A HILL. 


Shelled Corn 
per acre. 


The effect on the yield of the corn, of a different num- 


ber of stalks in a hill, was noted two different years. 


The 


first year the crop. was rather larger than an average crop 


in this part of Colorado. 


The number of stalks in each hill 


was counted and the weight of each hill recorded. Omitting 
the outside rows leaves 320 hills, which were divided as 


follows: 
No. of Hills | 
: _ caste Per Cent of Average Average 
No. of prales Per Protas a of | Total Weight | Weight Per were Per 
Stalks oe ul Bias 
0 76 24 0 0 0 
1 22 7 60 2.7 2.7 
2 30 9 133 4.4 2.2 
3 By 16 284 5.5 1.8 
4 56 17 397 ial 1.8 
5 47 15 875 8.0 1.6 
6 29 9 260 9.0 1.5 
ve 6 2 53 9.0 1.3 
8 1 0 11 11.0 1.4 
Av. and Total..3 320 100 1513 4.7 1.6 
Omitting miss- 
ing hills......4 244 1513 6.2 1.6 
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It will be noted that as the number of stalks in a hill in- 
creases, the size of each stalk diminishes, but the increase in 
number much more than overbalances the decrease in size 
and the weight of the hill is greater the larger the number 
of stalks. A hill containing six stalks weighs much more 
than a hill of one stalk, but instead of weighing six times as 
much, it weighs a little more than three times as much. 

The same principle is seen the second year when a 
larger number of hills was weighed from a field having 
- rather less than an average crop in size. 


No. of Hills 


ee oe conbaomg. Total No. of | Total Weight | Welgntber | Weight’ ber 
Stalks Hills Hill Stalk 
0 17 14 | 0 0 0 
1 58 q 97 1.7 1.70 
2 130 16 339 3 1.50 
3 | 271 35 1053 3.9 1.30 
4 162 21 687 4.2 1.05 
5 46 6 243 5.3 1.06 
6 10 1 62 6.3 1.05 
| & 
Average and Total, 784 100 2533 3.5 122 
Omitting missing 
MITA ose a 677 86 2533 4.1 1.22 


There“is no indication in the figures of-either yearas 
given in this form that the increase could not go on indefi- 
nitely. The larger the number of stalks the larger the 
weight of the hill seems to be the rule. But there really is 
a limit. If each hill was by itself with plenty of space on all 
sides,the above rule would be true. When, however, the 
hills are only three feet apart, as was the case in these 
fields, there is room for only a certain number of stalks to 
grow and develop on a given area. The addition of one 
more plant to a hill not only decreases the size of the other 
plants in that hill, but it also decreases the size of each of 
the four hills surrounding it. If these several losses amount 
to more than the weight of the extra plant, then its presence 
in the field is a positive loss. For each field there is such a 
point and when that point is reached is the number of stalks 
per hill that gives the largest yield of crop per acre. To 
learn what this number is, the number of stalks in the four 
hills next to each hill was then counted and the weight of 
the hill recorded. Combining these data and interpolating 
to get even numbers, gives the results below; 
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No. of Average No. of Weight of Weight 
stalks in stalks in the 4 the hill per acre 
a bill. hills about it. Ibs. tons. 
il ah 3.5 8.7 

3 2.6 6.2 
2 2 4.6 11.5 
3 4.5 IP 
3 3 5.4 13.5 
4 4.6 10.5 
4 3 6.8 i 
4 6.2 15.5 
5 5.9 14.7 
5 3 8.0 20.0 
4 8.0 20.0 
5 ao 19.0 
6 5 o® 18.2 
6 7.0 17.5 


From the last table we can estimate the yield per acre 
from the different number of stalks in a hill: 


6 stalks per hill give a crop of 17.5 tons per acre 


Ste 19.0 
‘ ee oe e sé se 
15. 
4 ce “é ia “ec ~ 5 oe ce 
: sé ay as “cc ae ic 6c 


ae ce “ce ve oe “se 


I 7 
Half 4 stalks and half 5stalks17.0 “ ‘i 


If the hills are equally divided among the different 
numbers from one to six, the resulting crop would be about 
14.0 tons per acre. 

These figures show that in this field the largest crop 
would be obtained from five stalks in each hill. If a hill 
contained six stalks, with five stalks in each hill surrounding 
it, the extra stalk caused a net loss of about a third of a 
pound per hill, showing but slight loss, while if it contained 
four stalks, or one less than the best number, the net loss 
was 1.7 pounds per hill. 

The next year shows some unexpected figures. It had 
been supposed that with a lighter crop of smaller stalks, the 
field would support a greater number of stalks, but the 
figures do not seem to warrant this conclusion. 


No. of Average No. of Weight of Weight 
stalks in stalks in the 4 the hill per acre 
a hill. bills around it. Ibs. tons. 

1 1 192 


o 


bo 
i 
Bee ee 
CEN ORHK DONDE 
WWTP ADDWDOWOW 


OOP WOOP WR WWD te 
WR ORR RWW We 
(op) 
oS 
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It is evident here that the largest crop is one that has 
four stalks in each hill, since the weights with the different 
numbers of stalks give: 

5 stalks per hill give a crop of 9.7 tons per acre 


ae ce a6 ae 


4 aliak 
~ ‘ “i ““ “ 8 ““ 6“ 
») . 
5 ‘ “ee oe ims 9 sé “ce 
2 5.3 

‘ ae “ec “cc ve 
- 53 


Since this field gives a smaller crop per acre from 
smaller stalks, and yet gives a larger return from four 
stalks in a hill than from five stalks, it cannot be said that it 
is always better to have less stalks in a hill, the larger the 
variety of corn. 

Since these two crops represent a good share of the 
crops of northern Colorado, it can be said that where corn 
is raised for fodder four or five stalks in a hill, if the hills 
are three feet apart each way, gives the largest crop per 
acre. 


FEE—MISSING HILLS IN A CORN FIELD. 


One of the largest sources of loss in the cornfield is 
hills without any stalks. In the field of corn grown the first 
year, it was thought that there were not enough hills miss- 
ing to pay for replanting, but when harvest came, the count 
showed 24 per cent missing or a loss in this field of about 
two and half tons of fodder corn, or much more than 
enough to have paid for the replanting. 

In figuring the loss from a missing hill, two items have 
to be taken into account, the loss from the hill itself and 
the gain to the hills around it. 

The first is easily told by taking the average weight of 
the hills which are surrounded by four full hills. The 
second is not so easy to ascertain. One way of estimating 
is to get the average weight of those hills that are next to 
a missing hill and compare this weight with the weight 
where the hills are full. 

In the field the first year there were 114 hills which had 
a missing hill on one side of them, with an average weight 
6.8 pounds. The 122 hills that were surrounded by complete 
hills average 6.0 pounds. This indicates an average gain of 
0.8 pounds to each of the four hills surrounding a missing 
hill or a total gain of 3.2 pounds. But since the average 
weight of the hill in this field was 6.0 pounds, each hill that 
was missing meant a loss of 6.00 pounds anda gain of 3.2 
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pounds or a net loss of 2.8 pounds which is equal to 47 per 
cent. 

The same thing was tried in another field of much 
heavier corn. The 165 hills surrounded by four full hills 
averaged 10.11 pounds each or fully twenty-five tons of 
fodder corn per acre. The 248 hills that were next to a 
missing hill averaged 10.77 pounds; a gain of 0.66 pounds 
for each of the four surrounding hills, making a gain of 2.64 
pounds. The loss for each missing hill is 1o.11 pounds and 
the gain 2.64 pounds, at a net loss of 7.47 pounds or 74 per 
cent. 

Another field of rather light corn gave somewhat 
different results. The 216 hills near a missing hill weighed 
4.27 pounds and the 392 hills fully surrounded weighed 3.52 
pounds each. Hereisa gain of four times 0.75 pounds or 
3.00 pounds as compared with a loss of 3.52 pounds ora net 
loss of but 0.52 pounds equal to 15 per cent. 

The three fields show most widely different results and 
it is evident that these differences are due to the different 
vigor in the growth of the crop. Whenacrop is of sucha 
large rank growing variety as in the second case, and there 
are stalks enough in the hill to ‘produce the maximum 
growth, the ground is so full of roots, that even the loss uf 
a hill does not open up enough extra ground to add muca 
to the weight of the surrounding hills compared with the 
large growth there already. While ina field witha smazsl 
crop the result is relatively larger. In absolute weight of 
effect, a missing hill has closely the same result in all three 
fields. In the field with the light crop it makes a gain of 
0.75 pounds for each of the four hills surrounding it; in the 
neld of medium growth the gain is 0.80 pounds per hill and 
in the field with the very heavy growth 0.66 pounds per hill. 
Phe average of these is 0.74 pounds for each hill or about 
3.00 pounds for the four surrounding hills. It can be said 
then that in general a missing hills makes a gain of about 
three pounds of cornfodder in the weight of the surrounding 
hills and a loss of the weight of an average hill of the field. 
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lll. POTATOES. 


AA—ALFALFA SOD COMPARED WITH OLD LAND. 


A test was made of potatoes on alfalfa sod as compared 
with good land that had been manured two years before 
and raised one crop of grain and one of corn. There were 
nine plots of each and though the plots are quite variable, 
in each case the alfalfa sod gives a larger yield than the 
old ground. Inthe plots which are the nearest alike, the yield 
from alfalfa sod is not quite twice that from the old 
ground, while in two other plots it is five times as much. 
The average is about three to one, being 3601 pounds of 
merchantable potatoes from the alfalfa sod and but ‘1277 
pounds from the old ground. 


§3— EXPERIMENTS WITH FERTILIZERS, 


Experiments in fertilizing the ground for potatoes were 
made with a complete fertilizer and with kainit, sulphate of 
potash and muriate of potash. The complete fertilizer was 
bought in Denver at forty dollars per ton; the potash salts 
came arom the Potash’ Trust.of New York City. The 
fertilizer was applied at the rate of four hundred pounds per 
acre, 


Plot. Fertilizer. Yield of potatoes. 
1 Nothing 431 
2 Sulphate of potash 430 
ras Muriate of potash 488 
4 Complete fertilizer 576 
5 Kainit : 665 
6 Nothing 689 
a Sulphate of potash 628 
8 Muriate of potash 610 
9 Complete fertilizer 409 

10 Kainit 383 
11 Nothing 273 


Combining the plots gives the following averages : 


30 BULLETIN 57. 


Sulphaterof potashie nck cert irre ieee errr 1058 pounds 
Muriate of potash... .2. 0-3-0 eee eer een re 1098 as 
Complete fertilizer: hance eee eee eee 985 1 
Keainite sisi ac acvserdereusin tapers Grote Molen On mae arenes 1048 o 
Nothing's... sonics ten cei cette cries eee ney 896 « 
Averageiof fertilized! ploterc © 1.) -ietertel terete 1047 sf 
Average of unfertilized plots... ..5.2..2-c-eee-' 896 és 
Gain trom fertilization esse te eee eee 14 per cent. 


Under ordinary prices this gain of fourteen per cent 
would just about pay the cost of the fertilizer, but it is 
evident that part of the difference in crop is due to differ- 
ences inthe character of the ground, so that it would be 
hardly safe to say that the whole of the gain of fourteen 
per cent was due to the fertilizer. 


IV. SUGAR BEETS. 


A—SUBSOILING FOR SUGAR BEETS. 


‘A test was made of the effect of subsoiling the land for 
sugar beets as compared with simple plowing. The subsoil- 
ing was done with a Secretary plow to the depth of fourteen 
inches, the rest was plowed eight inches deep with a com- 
mon stirring plow. The field was divided into six equal 
strips, alternately plowed by the two methods. The field 
was subsoiled in May and planted the same day. The re- 
sults are given in the following table: 


Plot. Treatment. Crop Per Plot. 
1 Plowed 2960 
2 Subsoiled 6880 
3 Plowed . 5860 
4 Subsoiled 4554 
5} Plowed 4040 
6 Subsoiled 4400 


The average of the three plots merely plowed is a crop 
of 4287 pounds of sugar beets, while the three plots subsoiled 
gave a crop of 5278 pounds. ‘This is an apparent increase of 
23 per cent as the result of subsoiling. 


A second trial made in the same way with four plots 
gave 


Plot. Treatment. 
1 Plowed 2340 
2, Subsoiled 2300 
3 Plowed 1470 
4 Subsoiled 1956 


The average of the plowed plots is 1905 pounds and of 
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the subsoiled 2128 pounds, being a difference of 12 per cent 
in favor of the subsoiled. 


_ The average of the whole ten tests is 18 per cent gain 
in weight of the crop as the result of subsoiling. 


B—SuUGAR BEETS IN COLORADO IN 1899. 


The results of the experiments with sugar beets in 1897 
and 18908 have already been published in former bulletins of 
this Station. In 1899 the work was not conducted on so 
large ascale. It was considered that the results of 1898 
showed beyond a shadow of a doubt that there were large 
areas in Colorado that.were adapted to the raising of large 
crops of excellent beets for factory use and that therefore 
there was no further need of making general distributions 
of seed for testing this point. 

The questions to be considered hereafter are the more 
special points of how to handle the crop to get the best re- 
sults. The season of 1899 was devoted to the study of ques- 
tions concerning the proper time to plant, the best distance 
between the rows and whether or not the seed should be 
irrigated at the time of planting. With regard to the first, 
the results are decisive and that question may be considered 
as settled. Tle second was decided, so far as the test went, 
but the problem is yet left of still closer distances. The 
third problem was not solved and it remains as one of the 
two large problems yet to be attacked in Colorado. The 
solving of either would mean a gain of more money each 
year to Colorado than the total received from the govern- 
ment for carrying on experimental work. The first problem, 
broadly stated, is: How shall the irrigation water be 
handled to obtain a full stand of beets. The second prob- 
lem is at the other end of the season: What can be done to 
make the beets ripen thoroughly? 


I. DIME Ob (PLAN DING: 


Seed was sent to several parties representing the princi- 
pal beet growing sections of the State with the request that 
they make four plantings conforming as nearly as convenient 
to the dates April 15, May 1, May 15 and Juner. The work 
was done on small plots so as to eliminate so far as possible 
differences of soil and irrigation and to allow the work to be 
done with great care. The returns show that the stand of 
beets was almost perfect in.every case and that the crops 
were large in quantity and of good quality. 

The first table gives the facts concerning the planting 
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and the second the returns of the harvest. The rows in 
each case were twenty-four inches apart. In this test and 
in all the others the seed was sent to the growers from the 
College and was in each case the Zehringen furnished by 
the Department of Agriculture at Washington. 


RECORDS OF PLANTING. 


DATE OF EACH PLANTING. 


Name Place | hare 
First | Second | Third Fourth 

MRD Parmenter nec. ct ee: Luamar...........| April10 | May 1] May 15 | June 1 | Novy. 10 
(Cop Ee Mil Gr sects tee. teh LORS ine ca mean oe erage || ailiseee AU es dei) SP AND) 
SDs Gravestocks... 0s.) ..s-s|Ganon Cityse-s.-)) “nm  cOli ae Ble Oe | ats) if |) Octet 
CrrGravestocks ia... 2-4 0-m: Y ped ae Me a PADI NS $j ” doaiMaye SlaleNoveee 
Se wile Wi Koy anbanKere oeonaks, sean co aK MS pee seem ssl se A418 9S 0 alstell C etecoltaeeers Oct. 29 
Adamnn Mavaeess. = sealae nse I CMOG USmc aera ‘ 15 se 1 iy 15 pJune 1) Novwe 13 
Martin Nelson. 20. <= Greeley........- pee Lil ete By SS) PcZOUl A= CLONE Octagon 
To Wie Clappers..ce-derien sess a OVelamas mua: “ 20 ay KOM ss 20 ne 10 | Nov, 10 
IBWONWe never cu ccrsar roe IVORC aie acco a0 os 5 *t 20 ie 10 | Oct. 24 
DG. bdeertom oc 4..s--se coe.) warvondale........ ine 20 = 10 aS 20 a 10°) Nove 49 
Arkansas Valley Substation..|Rocky Ford..... a 17 a 2 * 16 | May 31 | Oct. 21 
Agricultural College.......... Fort Collins..... tet ce LOS ee OG ee eee aes “ 21 
iron ten uae aa Jee eh eee so eUADral 19) |) /Mavs 55) MavaaiSaligiamome allan ove 


RECORDS OF HARVESTILNG. 


WEIGHT OF CROP IN TONS PER AORE 
ee nae | FOR EACH PLANTING. 

| First | Second | Third | Fourth 
MD. Parmenter sic. seats sep UAB De omits ewe 39.9 30.2 33.6 27.8 
Ojgrln all GN Kea eas RA net DE aeoncin ern Clacneri geen dale see 9.3 10.2 OO. er ae 
ED an Ginavies coc keen tt .ce een nee Camomi@ityy ssn eee es 2855 24.7 12.2 12.6 
CHS Grayeatocls: esmirss tr sreciceiee Rt atic hpsonterton 11.8 17.5 10.9 10.2 
eo wVLOnbindera7cneces mecnacre Sey Mem tesy BURSA Tes 27.7 13.6 Did not grow 
PNG haat Ni Eh teen ay PION AIAG LEG ease UL | eelO EK 3d es Ro Guic sda cae 30.3 29.2 28.1 24.5 
Martin Neisdee Kee 2 OA ee 27.0 23.8 10.9 9.5. 
Ie Clapper at eee Loyeland eae 27.2 17.0 8.7 5.6 
ININVem eyers whi stam eee ran te EIVGnS Wisse pocorn re aor 65.3 54.4 43.5 82.6. 
DEGaekdgerton..s.0.eeere ee CALDOnCd alot: aan eee ono 8.7 8.0 8.6 
Arkansas Valley Substation......| Rocky Ford........... Li 2 16.6 26.0 18.9 
Agricultural College.............. Hort Collings asses 23.8 20.9 22.7 20.0 
AVerare: Lai trialesc i sseeene maieloletebaiere <reeeate haan Rae 26.2 Dot Ge tipall Muetticee Cree dil] sa eek 
Average l0Utrialalecpuasyeea| ier meee een eee Peel ey 248 20.4 ba 15.3 
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The results are surprisingly conclusive. They show in 
the strongest manner the advantage of early planting. And 
by early planting as used here is meant very early planting, 
much earlier than has heretofore been considered safe. 

_ From the financial side no argument could be stronger 
in favor of early planting than these results. The planting 
of April averages 27.7 tons per acre, with a steady decrease 
to 15.3 tons for the first of June. It has usually been con- 
sidered that from May 10 to May 20 was the best time to 
plant beets in Colorado. The difference between the first 
and third plantings is 7.3 tons per acre, which means a loss 
of $31.00 per acre by the late planting. 

The results at Fort Collins show strikingly how much 
cold the sugar beet plant can stand andthrive. The first 
planting was made April 18. The ground was in fine moist 
condition from a heavy rain and the beets germinated at 
once. The nights were cold, i. e. below freezing, until April 
24; then followed a week of warm weather with four frost- 
less nights. The first week in May was cold and on May 
4, the temperature fell to nine degrees below freezing. 
The beets were not at all injured by the cold and made 
the most nearly perfect stand and the largest crop of all the 
different plots grown on the farm that year. 

Such a test as this is not complete until it is known 
whether or not the date of planting has influenced the 
quality of the beet either in sugar or purity. 

Through the courtesy of the Division of Chemistry of 
the Department of Agriculture at Washington, most of the 
analyses of the beets were made by them. The beets were 
carefully wrapped in oiled paper and sent by mail. In several 
cases the beets were weighed before sending and then 
weighed in Washington before analyzing to determine the 
amount they had dried out. The loss was surprisingly 
small .lhe average was less than three per cent of 
shrinkage. The analyses are given as made on the samples 
as they were analyzed at Washington and are therefore 
this small amount, about one thirtieth, too high. We are 
indebted to the Colorado Sugar Co., of Grand Junction, 
Colorado for the analyses of nearly a hundred samples of 
beets grown on the College Farm at Fort Collins. In these 
cases the shrinkage in shipping the samples was very care- 
fully noted and the analyses, as given later, are all corrected 
to indicate the condition of the beets when harvested. 
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RECORDS OF ANALYSES. 


PLANTING. 
: i i Fourth 
Name Place First Second Third our 

HD ba Ho be Ho be Ho b 

g3| 2 || 82) 2) €2| = | 83) = 

@a|& ||| & |@e| & ee] 

M. D; Pammenter...0n.- .-.-0- TaAMaEs cee cs 11.2 | 75.7 || 14.0 | 79.9 || 10.5 | 71.9 || 18.1 | 76.7 
OOMHee Millers: 2h 1.6 sarees @ tie Apitlerstveenss T1405 79.8 Hela L ene Oil so. v|e S22) lerelaepet |ieeeresaare 
ERA Gravestock.tachicc enc: Canon City....| 17.5 | 84.0 || 20.3 | 88.4 || 19.6 | 86.9 || 20.5 | 90.8 
Gnd Gravestock a. sa.2-- rc © ....| 19.4 | 88.3 |] 18.6 | 89.1 || 19.5 | 90.3 || 17.1 | 85.3 
J.-M Mortimer: ices ee cel LGCS WO SLESG TOG Socks miracte ttyl fe eaetetere| til tere seatal loi ofelatets 
AdamiuMay sont. neee eee DOpegue in.rris 12.4 | 76.5 14.3 82.9 || 13.6 | 77.7 || 13.6 | 78.6 
MartineNelsone cgi ce os Greeley .......| 17.0 | 84.0 || 15.1 | 83.8 || 16.7 | 85.9 || 16.2 | 86.7 
dow Clapper we ereeeete ol Ov Chand)... 14.2 | 84.2 || 16.0 | 82.8 || 16.3 | 85.1 || 13.6 | 76.5 
H, Niemeyer.c..c tener cece « Evans tanh ees 13.8 | 81.0 || 14.2 | 83.7 14.3 | 78.9 || 16.6 | 85.8 
_D. G. Edgerton ...............|Carbondale....| 14.7 | 83.3 || 15.1 | 85.0 || 15.2 | 86.5 || 14.1 | 84.1 
IA VOEL Orrin tac ais cities cel ltaie ankeane stoners vaaiecs i: 15.2 | 82.1 || 15.96] 83.8 || 15.7 | 82.4 || 15.6 | 80.6 


It will be noticed that there is scarcely any difference 
in the average analysis of the crops from the different 
plantings. 

The second planting averages a trifle the best in both 
sugar and purity, but not anywhere near enough to offset the 
much larger yield of the earlier planting. 

It can be said that taking into account all the factors of 
the problem there is a decided advantage in early planting; 
it gives a better stand, produces a larger crop and this crop 
is of good quality in sugar and purity. 

For the sake of convenience in thinning the beets it is 
not advisable to plant all the crop at one time. The best 
way is to plant a third of the ground as early as possible, as 
early as one can be sure of water to irrigate up the seed if 
necessary and as soon as it seems warm enough to germinate 
the seed. Then put in the second third as soon as the first 


planting appears above the ground and the last within the 
next-ten days, 


2. DISTANCE BETWEEN ROWS. 


: Where sugar beets are raised by the natural rainfall Jit 
is customary to plant the rows as close together as it is 
possible to get a horse through them to cultivate. The 
present writer has seen a hundred acre field of beets in 
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Nebraska where the rows were but fourteen inches apart. 
Many experiments have shown that a sugar beet to do its 
best needs one square foot of ground. If then the rows 
could be made twelve inches apart and the beets thinned to 
twelve inches in the row we should have the largest possible 
crop per acre of the highest sugar and purity. 

Where the beets are raised by irrigation the rows must 
be far enough apart to allowan irrigating furrow to be run 
between. It will not do to allow the water to run against 
the beet itself, because it injures the crown of the beet and 
lowers the sugar and purity. The water must be kept in the 
furrows and the sides of the furrow made high enough to 
carry the water over any small irregularities in the surface, 
the water soaking sideways through the ground to the beet. 
If the surface of the land was an absolute plane, a furrow 
three or four inches deep would be an abundance and sucha 
furrow could be made in rows eighteen inches apart. In 
our tests on the College farm we have grown many fields of 
beets successfully in eighteen inch rows where the land was 
in the best possible condition. But where the land is not 
properly smoothed, an eighteen inch space in not enough to 
throw up a furrow high and deep enough to keep the water 
off the beets. Under most conditions, with gently sloping 
or nearly flat ground and long rows, twenty-four inches 
apart is none too much for ease in irrigating. The twenty- 
four inch row will not raise so large a crop. per acre as the 
eighteen inch row. . 

A set of experiments was made to determine whether it 
is possible to get the benefit of the large space for furrow- 
ing and irrigating while at the same time obtaining as large 
a crop as would be gotten from rows close together. The 
rows were planted alternately eleven and twenty-seven 
inches apart. All the irrigating was done in the twenty- 
seven inch space, while the beets on the two sides of the 
eleven inch space were so near together that after the thin- 
ning and the first hoeing, they shaded this small space and 
it required no. further attention. The two rows together oc- 
cupied thirty-eight inches, an average of nineteen inches 
per row, These plots were planted side by side with those 
in which all the rows were twenty-four inches apart and 
which were irrigated between each row. This second 
method, and also the method of eighteen inch rows, require 
twice as many irrigating furrows as the twenty-seven and 
eleven inch furrows. 
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The results are given below. 
DISTANCE BETWEEN ROWS. 


WEIGHT, CROP, TONS PER ACRE. 

Hove eas Rows 24 inches} Rows 27 and 1 

apart inches apart 
MaDy Parmonteriyes: Jaccese cee tains ol MOAI A Tae flee o es seein 30.9 40.8 
COANE Mill ergy, screen end tele eiea tac Ante sia.€ Aceh dake tate tennant ters 10.2 13.8 
eUD GTavestOGk.cu-neneeemeteruere Canon City. « ioock ate eres 20.1 26.4 
(OE WEE O TENET Sono ab aenmiodacoaqon (Ot Papbsracepeanbcc GOae 14.2 14.3 
JiewNis Mortimer sada. cco sereer ses oats ear BP sheros ann rac Bt, 13.6 24.8 
Adame May asance satiate se sateen ers] DO DOQUOL an st cinisla rego siaueleisienes 27.6 35.8 
Martie NeISOlW. se neentenenita en cessiaitaicie | COLECLOV meant tatrisustecoutst ratty 25.5 31.2 
IIE NIN OI ET ool ean anmcn emer nobsedcadore|| Won (iline hi acners ooomab Can oD Lot 13.6 
BUNT OMOVerie ho ants aid ee ee lecisiaremers UNAM Sonar ee nce s 54.2 66.0 
4. DiGe Edgerton. oi -icngys cca ae ete) CAL DONC ALO aap ineeeteras ciara ao 9.8 13.22 
Arkansas Valley Substation.. ...... Rocky: Wordiaceds.t-c) cock oc 16.8 17.8 
Agricultural. College.) ...: 2sscuscekece Borti@ollimses.cccsse sneer « 19.8 22.1 
AVOLAZOR mac acu oae hehe eae heen tase renisteerecea eet laletearte 21.9 26.71 


The results are strongly in favor of the twenty-seven 
and eleven inch -rows. It is not claimed that this method 
will give a larger yield per acre than all eighteen inch 
rows, but it is believed that it will give just as large a yield 
and can be profitably used on ground where it would be very 
difficult to use the eighteen inch row. The twenty-seven 
inch row is so wide that it allows an abundance of space to 
put in a big furrowing plow, use a good head of water and 
run a given stream a long distance—in other words, doa 
good thorough job of irrigating. 


3- IRRIGATING THE SEED 


This is the most troublesome problem before the Colo- 
rado sugar beet raiser at the present time. If all seasons 
were the same in the rainfall, the problem would soon be 
solved. The years 1894 and 1900 show the possible ex- 
tremes in this matter. In 1894 wheat that was sown the 
fall before did not germinate until the ground was irrigated 
the last week in May, and yet, wheat requires much less 
moisture to germinate than beet seed. In 1900 the month 
of April was as wet out here in the arid region as it usually 
is along the Atlantic or Gulf coasts. The ground was too 


Farm Nores. a 


wet to be worked, and the beets put in the first week of May 
made an absolutely perfect germination without irrigation. 

Yhe year 1899 may be considered a fairly normal year 
for the earlier plantings and rather dry for the later. “The 
tests of irrigating up the seed were made about the first of 
May, when the conditions were not far from an average. 
The plots were all planted on ground that had not been 
irrigated, and then half of them were allowed to depend on 
rain for the water necessary to germinate the seed, while 
the other half was irrigated the same day the seed was 
planted. 

The following table shows the results of the two 
methods: 


IRRIGATING THE SEED. 


| WEIGHT, CROP, TONS PER ACRE. 
Rime srg Seod irrigated Peal a 
planting 

MipD) me AEINGINC OE tects escleees sie se oo] LIANG. bop nt Deraiecttte! tejenne a 35.3 36.5 

RHEE ome Peers eh ce eee Ablore Im. ote... salt ones 12.0 Did not grow 
Pie eG VOStOC Ke crise ae cee creates cies || CALON Ol bYiace ease emece sas 27.8 PSH 
C.H. Gravestock.......-~ ee et Senge et OOR aah 16.3 12.2 

Sieivity ductas evn ado a ees CREE EAE TEOG f BNR wcOt aya saver 19,2 Did not grow 
PR er rraas M AVE eo Covers cache isles cie,ete cree athe [Debequeiiay sen anne squatters dels 32.6 30.7 
ISIE LITYMING ISIE We ieee casts tren ak el eatene | CEL COLOV ow oe-staccitysiais o's oles sie shew - 26.2 30.5 
eV Viet CAPD Ole ot agate iicache sce snigics« ieee 2/34 ovelan dy. sichic oc te sivisieyeinuicsc 15.0 13.8 
Hie NTOIIOVON cecales wifgensoisine ees ebete a epere BIV ANS vers) <toshie a Do estecne es to eae 59.9 59.0 
WD Gem OTCONi ates errata a ent cise) og AL DON GAG. a csare < csleiaie.e'as sic/o10,3/0 11.2 11.8 
Arkansas Valley Substation..........)Rocky Ford............. . 17.8 16.9 
Agricultural College.............0+.0. Honts Collings aaeperantees. acres 22.3 19.6 
fee Aaa CaS ea Ss Piaaksrniae vieje tse fumes sap ateneehaes 26.3 25.4 


Although the general average isin favor of irrigating up 
the seed, the figures of the individual plots show some for 
and some against it. There seems a probability that no 
uniform rule will apply to the whole of Colorado, but it is 
sate to make this a rule. Prepare for irrigation at time -.of 
planting; if within five days after planting, the seed shows 
no signs of swelling and sprouting, turn on the water and 
keep the ground wet until the plants show a full stand. 


A. VARIETY TESTS. 
Four varieties of sugar beets were grown on the College 
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farm in 1899 and all four were grown both on a heavy clay 
soil and aclay loam. The records of the harvest and an- 
alysis are given below. The Zehringen and the Vilmorin 
No. 1, were sent by the Department of Agriculture at Wash- 
ington, while the Vilmorin No. 2 and the Kleinwanzlebener 
were furnished by the Oxnard Sugar Co., of Norfolk, 


Nebraska. 


All the samples were taken October 21. 


VARIETY TESTS. 


Varios “age” | Sea | Suazo | Ponity 
Heavy clay soil-- 
MELE NS 6 Soe NoIsOG OO Oooc.ob Ceibo ontop obec Hades cO0r 22.2 18.74 14.55 717.5 
MWadbrrversiny IM Cow Senscnonosonausan sumac boon No Aacoum cn 20.9 20.2] 16.29 80.8 
Vali OTsMUNOse cece yestete mere cinerslarsiae)aeic oheerslelelaiere sie 20.4 18.69 15.08 80.2 
Klein wanzlebemetecnwttetet caw ei ctataleleiaisia nels ete) stereieiste 17.9 18.67 13.73 73.6 
Clay loam— 
Zonving enitnec cee Pee e ine asain Paver eiaan 18.18 15.75 86.8 
WirlinorineNomlereececatec cles teenetejersietsteheisterels 17.55 14.33 81.7 
WilMOrins Nowa cre stsc eiecist cisess: cite ta etotersileleh stokelnielereates 18.85 16.38 86.9 
Kileimwanzlelbe men iets cetlateeteatateleteate crete clatace vs 17.61 14.07 79.9 


Analyses were made of the beets from the different 
plots grown on the College farm in 1899 and are given be- 
low. The variety used in each case was the Zehringen sent 


by the Department of Agriculture at Washington. 


Crop Sugar 
Date of planting Remarks ae eae in | Purity 
Tons BuLES 
ADPLIUIS oerwe nese! CL ANCMrOWSANOvIErisatedincdseniemeaateneent mas eS 18.59 | 14.86 | 78.0 
May UhS tr aasnies ee be x = 22.2 18.74 | 14.55 | 77.5 
Sao LOR coh ee ammra ect ne “ Lp Sauk Sama ac emma Sis a 20.9 17.86 | 14.74] 82.6 
ee NOR ereeeiasactees He ss ‘ STW) | sciadSveveageiereatmenee iets 18.7 17.64 | 14.00} 79.4 
SOL ELO arom aaa Ye ‘ irvigatedy sh came eee 20.9 17.74 | 14.28] 84.4 
Saal een spre tas 27 and 11 inch rows, not irrigated ............| 205 17.58 14.06 | 80.2 
ese al Osanna: ys Wyo! .. itrigatedlics. sn vse aeeeee 23.7 18.57 | 14.87 | 80.3 
sed aL OF aictarsosuteeyes 24 inch rows, seed soaked...............2.0005 24.5 L257 1375) | 78.2 
toe MLO ernas enncteis M “half the seed soaked............ 27.5 17.96 | 14.19 | 80.1 
Bo SOO ann ener “y NOGMInNIg ALC iin vst eran e eRe Mee ORS 16.18 | 12.62 | 78.0 
OB Sea ieatinunres . irrigated ys imsosen ee cetee eee 22.7 17.08 | 18.78 | 80.5 
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5. SUMMARY OF BEET TESTS, 1899. 


Different dates 
of planting, 


ACEI Me Iea no cenie Ey «EO ONC TRA ai Sh BOLT 20.7 tons per acre 
IVES Varner pene ce, Fae hese erctesey ci cca: a oume are: AS ae Sa emacs 
AVES aE LB Ee Rae Aa cheats rot Pa OPS ANNE crea, Saayelnet DADS Di i 
UNO ME Sep ogee lees A cam Sinisa OTe eee 
Sugar in beet. Purity. 
Per Cent. Per Cent. 

April 19 15.2 82.1 
May 5 15.9 83.8 
May 18 15.7 824 
June 4 15.6 80.6 
Distance 

between rows. 
DATING NOR. Ace CPE ee ON EE IIe eae ls 23.7 tons per acre 
PAP TW oe ma RSV so) SYS aba orn IS, en nee ra nt a ae Poribee 1 ats 
Trrigating 

up the seed. 

Aerated allhtore pees ew te ects hae AAs one 26.3 tons per acre 


Not irrigated, two failed, the rest............ D514 ae ac! 
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A SOIL STUDY: 


Part II. The Crop Grown: SUGAR BEETS. 


By WILLIAM P. HEADDRN, A. M., Pu. D. 


INTRODUCTORY. 


PREVIOUS WORK OF THE STATION ON SUGAR BEETS. 


$1. This Station has already published nine bulletins on the 
subject of sugar beets, seven of which have been devoted to the 
demonstration of the fact that remunerative crops of sugar beets can 
be grown in the irrigated sections of this State up to altitudes of 7,800 
feet. The earliest experiments recorded, 1888, show a trifle over 
12 per cent. of sugar as the maximum per cent. present in any of 
the varieties experimented with. The only object aimed at in the 
experiments of that year seems to have been to determine whether 
the beet could be successfully cultivated under our conditions. The 
results were most encouraging, both in regard to the percentage of 
sugar present in the beets and also the tonnage, which ranged from 
24 to 30 tons per acre. This yield was estimated from the product 
of an average row 450 feet long. 


§2. The experiment of 1888 was not continued in 1889, but 
another line of work was undertaken, namely, to study the effect of 
various soils upon the composition of the ash, the percentage of the 
sugar, and on the feeding value of the beets. The results of this 
investigation were published in 1890 as Bulletin 11. 


* Part I., forming Bulletin 46 and issued in 1898, is out of print. Most of the reports of 
the Station have something about sugar beets. Of the bulletins treating of sugar beets, none but 
36, 51 and 57 can be supplied, except to libraries. Those printed are as follows: 

7. Potatoes and Sugar Beets. April, 1889. Profs. Cassidy and O’Brine. 

11. Sugar Beets. April, 1890. Director Ingersoll and Dr. O’Brine. 

14. Progress Bulletin on Sugar Beets. January, 1891. Dr. O’ Brine. 

21. Sugar Beets ; Potatoes ; Fruit Raising. October, 1892. EF. L. Watrous. 

36. Sugar Beets. March, 1897. Prof. Cooke and Dr. Headden. 

42. Sugar Beets in Colorado in 1897. February, 1898. Prof. Cooke and Dr. Headden. 

46. A Soil Study. Part I. The Crop Grown: Sugar Beets. June, 1898. Dr. Headden. 

51. Sugar Beets in Colorado in 1898. March, 1899. Prof. Cooke. 

57. Farm Notes. Alfalfa; Corn; Potatoes; Sugar Beets July, 1900. Prof. Cooks. | 

58. A Soil Study. Part II. The Crop Grown: Sugar Beets. August, 1900. Dr. Headden. 
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§3. During the season of 1890, Pres. Ingersoll, who was the 
Director of the Station, and Dr. O’Brine, Professor of Chemistry, 
joined in a study of the general condition and outlook for the beet 
sugar industry ; while the Horticultural and Chemical Departments 
cooperated in further study of the sugar beet. The specific subjects 
with which they experimented during this season being a study of 
the effect of the distance between the beets in the row upon the 
amount of sugar contained in the beets, and of the relation between 
the size of the beet and its sugar content. 


§4. A number of persons had, by this time, become 
sufficiently interested in the subject to grow sugar beets and send 
them to the Station for analysis. The descriptions of the samples, 
as received at the laboratory, were very imperfect, as was to be 
expected, but the results obtained fully justified the conclusion of 
Bulletin 14, which I can do no better than to quote: 

We believe that it has been established that the soil and climate of Colo- 
rado are favorable to the production of sugar beets, and that they can be 


successfully and profitably raised to the advantage, both of the farmer and 
manufacturer. 


§ 5.. Experiments were continued during the years 1891 and 
1892, not only by the Station at Fort Collins, but also at the 
Substations in the San Luis Valley, Arkansas Valley and the 
Divide, also by individuals in the Arkansas Valley and in the 
neighborhood of Fort Collins. The chief importance seems to have 
been attached to the endeavor to determine how much irrigation is 
required to produce the best results, and to notice the effects of both 
too little and too much irrigation upon the crop, and the percentage 
of sugar in the beet. The effect of the distance between the beets 
in the row was also studied, but was subordinated to the questions 
of irrigation and cultivation. The results obtained at the Arkansas 
Valley Substation at Rocky Ford during these years, 1890 to 1892, 
were published in Bulletin 21, October, 1892. The rest of the 
results were not published until March, 1897, in Bulletin 36, 
which contains a succinct statement of the results recorded up to 
that date ; some of which, about one third, had not been published 
m any previous bulletin. 


$6. In the spring of 1897 the public seemed sufficiently 
mterested to justify the Station in again taking up the subject, and 
having received quantities of seed from the Department of Agricul- 
ture at Washington, and also from other sources, it was distributed 
to persons in different sections of the State, together with explicit 
instructions how to plant, to cultivate, and especially how to 
harvest the samples for analysis. The results obtained were, more 
satisfactory data concerning the time of planting, cultivation and 
harvesting of the crop. In addition to this, experiments were made 
at a greatly increased number of localities throughout the State. In 
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other words, the experiments were greatly multiplied and made 
simultaneously. So far as quantity and quality of crop was con- 
cerned, we only corroborated the results of previous years, 7. ¢., that 
the soils of Colorado produce beet crops which compare favorably 
with those produced elsewhere, where the beet sugar industry has 
proved a profitable venture. There was added to this the results of 
a study of the conditions at and around the beet sugar factories of 
Nebraska, Utah and New Mexico, making the statement of facts 
concerning this industry as complete as possible, and giving the 
public the fullest possible data wherefrom to draw their own 
conclusions as to the advisability of engaging in this industry. 


§7. At this time, the season of 1897, the Department of 
Chemistry began an independent investigation, whose principal 
object was a study of the chemistry of the crop as affected by an 
alkalized condition of the soil. This work traversed a number of 
questions pertaining to the crop in a fuller and more systematic 
manner than had previously been done. The sugar in the beets was 
determined weekly, beginning September 2, and continued until 
October 13, when the crop was harvested ; and from time to time till 
January 8, 1898, in beets left in the ground and covered with straw 
to protect them against severe freezing. This gave us data 
respecting the effect of alkali upon the amount of sugar present and 
its effect upon the time of maturing; the composition of the ash at 
various periods of growth, the distribution of both sugar and ash 
constituents in the beet, the composition of the beets and leaves in 
regard to their feeding value, the total dry matter in the leaves and 
roots, its quantity in the respective thirds of the latter, etc. 
The results of this year’s work are contained in Bulletin 46. In 
1897 the Station carried on two lines of experimentation with sugar 
beets, one economic and the other almost purely chemical, resolving 
itself into a soil study, which it was intended to be. 

The work was continued in 1898 and 1899. Some of the 
results of 1898 have already appeared as Bulletin 51. This 
cousists of more extended experiments upon the effects of the date 
of planting, methods of planting, time of thinning, distance between 
plants in the row, experiments with varieties, and a comparison of 
home grown and imported seed in regard to the quality of the beets 
produced. 


$8. The following pages record the further observations made 
during the years 1898 and 1899, being, in fact, a continuation of 
Bulletin 46, and for that reason a few of the conclusions of that 
bulletin are reproduced here: 


The effect of the alkali, present in our soil, upon the sugar content of the 
beet is not, of itself, detrimental. 

The maturing, or ripening, of the crop corresponds to an increase of from 
2 to 3.5 per cent. of sugar in the beet, and about one third of the total yield of 


sugar. 
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The rate of drying out of beets is about 5 per cent. for the first 24 hours, 
but by the end of five days it falls to about 2 per cent. and remains practically 
constant for the next twelve days. 

The weight of the leaves of Colorado grown beets equals about 87 per cent. 
of the weight of the roots. The weight of the leaves does not increase materially 
during the last six weeks of the growing season, but during this time the weight 
of the root increases by 64 per cent. of its weight at the beginning of the period, 
or 39 per cent. of the weight of the mature beet. : 

The presence of alkali increases the weight of the leaves very slightly, but 
has no marked influence on the date of maturing. 

As the sugar is formed there is a disappearance of dry matter, other than 
sugar, in the beet, suggesting the formation of the sugar in the root by the 
transformation of substances already deposited therein. 

The effect of alkali upon the percentage of ash in the roots is to increase 
it by about 2 per cent., reckoned on the dry matter. 

The composition of the ash of the beets seems not to have been affected by 
the different character of the soils experimented with, either because there was 
so great an abundance of available, and to the plant, acceptable, mineral matter 
present that it was not affected by the presence of a large quantity of other salts, 
or the composition of the ash of the sugar beet is very constant. I think that 
the latter is the case. The composition of the ash is represented by the following 
approximate percentages: Sulphuric acid, 3.5; phosphoric acid, 7-9; alkalies, 
48-52; lime, 2-3; magnesia, 6; chlorin, 11.50-14.50; carbon dioxid, about 15. 

The ash of the beet leaf has a general composition which, like that of the 
beet, is the same throughout the season, except that there is an increase in the 
chlorin as the plant approaches maturity. 


§9. The trials in different parts of the State in 1897 aroused 
sufficient interest in the possibilities of the sugar industry in Colo- 
rado, for the resources of the Station to be supplemented by aid 
from the United States Department of Agriculture, from the 
Chamber of Commerce of Denver, and from various counties in the 
State. This aid was largely given through the solicitation of the 
Chamber of Commerce, and was principally in form of prizes to 
induce growers to compete for good results. The field trials were 
directed by Prof. W. W. Cooke. Over 800 analyses were made by 
the Station. The results of these tests, together with the study of 
the best methods of growing sugar beets, is given in Bulletin 51. 


§10. Some additional tests on methods of cultivation, dates of 
planting, distance between rows, and irrigating the seed are given 
in Farm Notes, Bulletin 57, by Prof. W. W. Cooke. These are 
the results of cooperative trials with growers in different parts of the 
State. The same bulletin reported the results of the tests made 
throughout the State in cooperation with the Department of 
Agriculture and the Chamber of Commerce. 


THE CHEMICAL WORK OF 1898 AND 1899. 


DESCRIPTION OF THE CONDITIONS. 


§11. The plot on which the beets were grown in 1898 was 
the same as that used in 1897. The character of this plot having 
been fully described in Bulletin 46, p. 5, it will not be 
repeated in this place. The cultivation of the preceding season and 
the effects of the soil remaining thrown up in ridges over winter, 
exposing it to the weathering action of the season, tended to better 
its mechanical condition. This was, as I stated in Bulletin 46, 
the result most desired in order to reduce our study to the question 
of the effect of the alkali upon the crop. In addition to the 
weathering, effected as above stated, I endeavored to further modify 
the mechanical condition by the application of manure and straw. 
The plot was divided into sections one hundred feet long and 
twenty-five feet wide; alternate sections received an application of 
manure at the rate of sixty-four tons to the acre, and one section of 
the plot, the most difficult one to handle, received a dressing of cut 
straw at the rate of fourteen tons to the acre. 

My object was twofold: First, to study the effect of the 
manure upon the soil; second, to observe its effect upon the crop. 

The straw was used that we might be able to judge, in a 
measure at least, of the relative effect of the manure as a mechanical 
agent and as a fertilizer. The crop raised was, as in 1897, sugar 
beets, and we were successful in getting the same varieties, but the 
seeds were from different lots, for the crop of 1898. 

The cultivation was similar to that received by the preceding 
crop, but having gotten rid of a patch of poverty weed on the south 
side of the plot, we were not troubled by insects to nearly the same 
extent as during 1897, still both of the beetles, Systena taeniata and 
Monoxia puncticollis, observed then, appeared again and did some 
damage. We, however, did not have recourse to the use of 
insecticides as in the preceding year. In our case we found that 
removing the poverty’ weed and keeping our crop well tilled 
sufficed to keep the beetles down to such an extent that the 
damage done by them was not serious. 

The alkali appeared nearly as bad as heretofore, and we had 
trouble with the same sections that had previously given us trouble. 
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The corroding effects of the alkali was observed, but not to the 
same extent, and the spots of ground showing it were not so large 
as in 1897. There was a small spot in which but few seeds germi- 
nated; there seemed to be an abundance of moisture, the seed were 
found at a depth of an inch and a half, and the mechanical con- 
dition of the soil was good. This failure of the seed to germinate, 
for they did not come up at any time during the season, remains 
unexplained. It was observed that some beets in this part of the 
patch continued to come up for weeks after the first had made their 
appearance, especially after irrigation. It is very improbable that 
this was due to lack of moisture, for this was observed in a very 
wet portion of the patch, but not the wettest, nor indeed is it more 
strongly alkalized than some other parts of the plot. The analyses 
of the soils taken from these spots, and those of the ground waters 
also, show a larger amount of magnesia present than in other 
places within the plot; this is more markedly the case with the 
ground waters than with the soils. Experiments show that 
magnesic sulfate retards the germination of seeds, but neither the 
soil nor the ground water, nor yet the water-soluble portion of the 
soil, shows a sufficient quantity of magnesie sulfate to account for 
this. The inorganic substances present do not suggest any solution 
for the failure of the seed to come up. 


THE WATER CONDITIONS. 


§12. The ground was very wet in the spring, so much so that 
it caused a delay of two weeks or more in planting. The crop was 
not planted till June 4; some of it not till June 13. This, however, 
was not due to the condition of the soil. The only irrigation that 
we were able to give this crop was given from July 8 to 10, and 
this was with seepage water, of which we had only a scant supply, 
so scant that we could not obtain any sample of off-flowing water. 
But a few days later, a heavy rain having fallen in the mountains 
to the west of us, more than doubling the flow of the river, a large 
quantity of water was turned into the Larimer County Ditch No. 2 and 
its laterals. One of our dams was washed out and the lower portion 
of our beet plot flooded. This happened between the afternoon of 
the 13th and the morning of the 14th of July. The drains for 
receiving the off-flow water were immediately opened and the water 
turned out of the ditch. Samples of both on and off-flow water 
were taken. The patch drained rapidly, the surplus water being 
removed in about three hours. This was the only irrigation that 
the crop received. The total rainfall for the months of July, 
August, September and October was 2.8 inches. The total amount 
of water received by the crop, from the time of planting till harvested, 
was about eight inches. The ground was wet at the time of plant- 
ing and the water plane was within less than two feet of the surface. 
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The level of the ground water fell about a foot in the next 30 days. 
The irrigation given from the 8th to the 11th was not sufficient to 
raise the level of the ground water quite as high as it was at the 
time of planting and it then fell rapidly, making a fall of almost 
exactly two feet in eleven days. This fall represents the rate of 
drainage and evaporation. The weather was hot and evaporation 
was rapid, but that drainage was active can scarcely be questioned. 
Especially so because the water level in the adjoining, and lower 
lying, land had not been raised and there was only our small and 
local supply of water to be removed. 

The water level, at a point about two hundred feet to the east 
of my plot, was not at any time sensibly effected by the irrigation 
of my plot. The well, the measurements of which form the basis 
of this assertion, is not very far from an underdrain, perhaps 75 
feet from it, but I do not think this fact has very much, if any- 
thing, to do with our failure to perceive any change in the level of 
the water in this well. I think it more likely that the amount of 
water used was simply insufficient to force its way so far through 
the soil. 


§ 13. This is not the place I intended to discuss the question 
of water, further than to state the supply furnished to the crop, but 
it was observed that the different wells fell at very different rates. 
I have given the maximum fall for the eleven days immediately 
succeeding the 14th inst. From this date on the water plane fell 
slowly until it reached its greatest depth for the season during the 
first week of October. But during the next fourteen days it rose a 
foot, in some of the wells rather more. 


$14. The water level at the lower end of the plot ranged, 
from the end of July to October 10, from 3 to 4.5 feet below the 
surface, and there were but few beets in this section, as was repeat- 
edly noted in Bulletin 46, but at the western, or higher end, 
the water level was from 5.2 feet to 6 feet below the surface, and 
the crop was excellent. At an intermediate point we have the water 
level ranging, during this same period, from 3.5 to 4.5 feet, with an 
abundance of alkali and yielding a good crop. With a part of the 
facts before us it would be easy to justify the inference that beets 
will not grow where the water plane is from 3 to 4.5 below the sur- 
face, but in view of other facts, observed at the same time, we hesi- 
tate to offer any statement relative to the cause of the failure of the 
crop to grow in the section in question, either in regard to the alkali 


or the water. 


§15. Notwithstanding the nearness of the water to the sur- 
face of the ground, the crop showed the need of water throughout 
the latter part of the season; our field notes showing that on July 
22 the beets were wilted and the water plane low. The weather 
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was hot and the wilting may have been dependent upon this as 
much as upon a lack of water in the soil, but on August 13, it is re- 
marked that the crop needs water and on the 17th the condition of 
the ground is designated as dry, though we had had in the mean- 
time, August 4 and 5, a rain fall of 0.78 inch. The ground had 
been kept as mellow as possible and free from weeds, having re- 
ceived, in all, five cultivatings and five hoeings. 


§16. There was no need of irrigating the plot during the sea- 
son of 1899, though we gave it a thorough soaking from August 31 
to September 2, not because the crop needed it, but for the purpose 
of puddling the ground and of studying the changes which took 
place in the water by its contact with the soil. 


$17. The chief cause of our abundance of water was the fact 
that we received a sub-irrigation July 1 to 7, coming from the west- 
ern part of the farm. There is a drain immediately west of my 
plot which should have taken off the greater part of this underflow, 
but it did not prevent my plot being filled nearly to the surface with 
water. The water plane being raised to within 18 inches of the 
surface, as was proven, not only by the water in the wells, but aiso 
by several holes dug in order to verify this observation. This de- 
velopment was something entirely new. I knew that the stratum 
of gravel underlying the plot was filled with water and that there 
was probably a flow to the eastward through it. I thought that it 
came from a more distant source, believing that we were fully pro- 
tected against sub-irrigation of this sort by a ditch constructed to 
utilize the seepage water gathered for a mile or more to the west- 
ward of us, and further, by the drain alluded to. I believe that 
these two really gather all the water that, under ordinary con- 
ditions, drains from the higher land to the westward of us, but in 
this instance an unusual supply of water enabled the Farm Depart- 
ment to run water night and day for a week, with the result that 
the water found its way down into and filled up my lower lying 
land. The wetness of the land interfered with the cultivation of 
the crop, but the mechanical condition of the soil was greatly im- 
proved over that of the preceding seasons, so that the cultivation 
was much easier than in 1897 and ’98. 


§18. The ground was not disturbed after the irrigation of 
September 2, but it was allowed to bake and harden as much as it 
would. This crop was cultivated twice, hoed twice and irrigated 
once. 

In 1898 the crop was irrigated but once, because we could 
not get water to irrigate with. This single irrigation was only a 
light one, applied July 8 to 10, and a part by accident on July 14. 
Subsequently the ground became very hard, in spite of our efforts 
to keep it mellow. In 1899 we sought to pack and allow it to be- 
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come hard and dry after the irrigation of September 2. The crop, 
taking the whole patch, was in 1898, 13 tons to the acre, and in 
1899, 14.5 tons. I attribute the increased crops to the improvement 
in the condition of the soil and to a rather better stand, without con- 
sidering whether this latter was due to the improved condition of 
soil or not. 


THE EFFECT OF THE MANURE UPON THE STAND AND THE BEETS. 


$19. The effect of the manure was very marked, improving 
the stand by at least 10 per cent. I believe that under ordinary 
conditions the effect of so heavy a dressing of manure would not be 
followed by an improvement in the stand, but in our case it was ; 
the weather conditions turning favorable just after the planting. 

The planting took place on May 11, followed by a rainfall of 
over 1.5 inches during the rest of the month, which was well dis- 
tributed, rain falling on twelve of the remaining twenty days of the 
month. Had this not been the case, it is a question whether the 
manure might not have facilitated the drying out of the soil suffi- 
ciently to more than offset its stimulating effect upon the germina- 
tion of the seed. As it was, the seed germinated better, the plants 
were more vigorous throughout the season, and the weight of the 
crop was greater; but the shape of the beets was inferior, very 
many of them being rooty, forming a chunky beet with a number 
of roots spreading out from it, literally covered with masses of 
fibrous roots. The ratio of tops to roots was not determined, but it 
was evidently higher than where no manure was used. The six 
plots used for manuring agreed fully in justifying the above state- 
ments. There is no reason to suppose that other conditions would 
have modified any of these results, except the one already mentioned 
as possibly exceptional, 7. ¢., that manuring improved the germina- 
tion and stand. Our observations on the effect of coarse manure, 
under our conditions, leads to this doubt, which we would not other- 
wise entertain. 


EFFECT OF THE MANURE AND ALKALI ON THE SUGAR IN THE CROP. 


§20. In 1897 we found that the ripening of our crop, or bet- 
ter, that the formation of the sugar, was much more rapid between 
October 6 and 13, than at any other period during the season, 
either before or subsequent to this date. Our results showed that 
about one third of the sugar contained in the crop made its appear- 
ance during these seven days. As the crop of 1898 was later than 
that of 1897, both in planting and maturing, we did not attempt to 
follow the development of the sugar throughout the season, but con- 
tented ourselves with endeavoring to determine the effects of our 
alkali and manure upon the date and amount of sugar produced 
during the period of this maturing process. Our first samples were 
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accordingly taken on October 3. These were trial samples taken to 
help us in judging of the condition of the crop. We had already 
received a number of samples from the Farm Department, but 
these varied greatly, and we did not know from which of the differ- 
ent plots the sample had been taken. It was, furthermore, out of 
the question for us to take the plot most nearly representing the 
plot taken for comparison in 1897, for this plot had been hastened 
into ripening by lack of moisture. This was so pronounced, at this 
date, that the tops wilted to the extent of lying flat on the ground. 
The soil was dry to a greater depth than that reached in digging 
the beets. If there had been no other differences, these facts make 
it evident that we cannot compare these plots, so I shall use another 
whose history is as follows: In 1891 it received a dressing of 
manure, was planted to potatoes; 1892, trucked, not manured ; 1893, 
fallow; 1894, rye, crop cut green and removed from plot; 1895- 
96-97, fallow; 1898, planted to beets but not manured. The 
varieties grown on this plot were Vilmorin Improved, White 
Imperial, White French and Dippe’s Improved Kleinwanzlebener. 


§ 21. In the following table we do not see the pronounced 
increase in the amount of sugar as the season advanced or the crop 
matured, as shown in the crop of 1897, but the season was very 
different. In 1897 we had, in the early part of September, enough 
rain, 0.74 of an inch, to stimulate the beets into an increased 
growth, after a period of comparative inactivity. This produced a 
material increase in the weight of the crop, but the relative quantity 
of sugar was less than before this period. The effect was noticeable 
for two and a half weeks or more, at the end of which period the 
sugar had increased again and reached its maximum for the season. 
In 1898 we had no such an abundance of water as in 1897. We 
were unable to irrigate more than once, and then far less copiously 
than in 1897, and the rainfall from August 6 to October 15, a 
period of 70 days, amounted to only 0.74 of an inch, which is the 
same amount that fell in four days, September 10 to 14, in 1897. 
The crop of 1898 received its moisture from the soil, developed 
continuously under very uniform conditions, and matured without 
showing a so uniformly large gain at the maturing period. In 1897 
this amounted to from 2 to 3.5 per cent. in 1898 the greatest gain 
for this period was 1.44 per cent. in two weeks. This observation 
is true in regard to the Farm plot as well as for our own. Further- 
more, it is observable in the records of the Department that there is 
no such great increase in the percentage of sugar just at the time of 
ripening, unless the beets were already mature at the time of taking 
the first samples, which was not indicated by the deportment of the 
beets when grated, as the earlier samples became very black on 
being exposed to the air. The Department received a sample 
harvested September 27, 1898, original Kleinwanzlebener, which 
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contained 15.23 per cent. of sugar; a sample of the same variety, 
harvested November 2, contained 15.12 per cent. of sugar. These 
samples, harvested thirty-five days apart, show almost exactly the 
same percentage of sugar, and the coefficient of purity is also quite 
the same, 7. ¢., 83 and 81. 


§ 22. The varieties grown by the Farm Department remained 
almost constant from October 3 to October 22, only one of the three 
varieties showing any material gain, and in this case a gain of only 
one per cent. I infer that this difference in the deportment of the 
crops of the two years was due entirely to the season, and not to 
either the cultivation or to the soils. There are three different soils 
and nine varieties of beets included in this comparison ; five of the 
varieties of beets were grown on our alkali soil and the four others 
on two different soils. Our soil caused no deviation in this respect, 
and the conclusion of the preceding years, 7. ¢., that the alkalized 
condition of our soil produces no effect upon the development of the 
beet, is corroborated. The statement, however, that the maturing 
of the beet represents an increase, that is, a sudden increase, 
amounting to from 2 to 3.5 per cent., now seems to be an extreme 
variation. The following table showing the results obtained during 
the season of 1899 strengthen this view; the greatest increase being 
1.1 per cent. from October 10 to 24, and we find no further change, 
though the experiments were continued until November 10: 
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TABLE II._SUGAR IN THE MANURED AND NOT MANURED CROPS 
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1 
2+! N |] 14.54] 78.8] 18 | 645.5 || 15.10] 80.1] 12 | 583.5 
3 
Met obarege. foeeree esadeeGaihic ones 1| MJ] 15.44 | 84.6 | 12 | 582.6 || 15.72 | 81.7] 12 | 572.3 
1| N || 15.58 | 82.3) 12 | 615.8 || 17.57 | 89.1] 12 | 496.7 
2| M || 15.96 | 887] 12 | 473.1 || 13.92 | 78.0] 12 | 646.4 
2| N || 15.58 | 81.9] 12 | 587.2 || 16.34 | 84.2] 12 | 527.4 
3| M/| 13.77] 768] 12 | 588.2 |] 12.82 | 73.38] 12 | 934.6 
3| N |) 14.87] 78.3] 12 | 728.8 |} 15.82 | 80.2] 12 | 538.6 
A VOrugO Noa tectesee od Peed MEETS SOG TESIATI nessa 5Sloell aed one vaeaiiee seek 683.3 
N || 15:84 | 80.8 |...... 643.8 || 16.24 | 84.5 |..... 517.6 
1 
BI OLODOLE OTe na. Fake cates eaten a4 N || 14.06 | 77.2} 30 | 676.1 || 14.81 | 78.7] 30 | 509.8 
1 
NoveribOl 10sec sncciceciss ccascdere: 2¢| N || 15.77 | 82.0] 15 | 629.2 || 15.86 | 84.2 | 15 | 543.5 
3 


§ 23. The results of 1897, given on p. 13, Bulletin 46, and 
those of 1898 and 1899, given in the two preceding tables, but more 
especially the results of 1897 and 1898, because these are compared 
with beets grown on ground free from alkali and in good tilth, 
leave no doubt about the effect of alkali upon the quantity of sugar 
developed in beets grown on soils abounding in these salts; 2. e., 
they are not detrimental so far as the sugar and the coefficient of 
purity are concerned, nor does it effect the time of maturing. 
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THE EFFECT OF THE MANURE. 


§24. It is usually stated and generally accepted that land on . 
which a crop of beets is to be-grown should not receive a dressing 
of manure immediately before being planted, but that it should 
receive the manure and be planted to some other crop between the 
manuring and the planting to beets. As already stated, I manured 
my plot heavily, 64 tons to the acre, in February, plowed it under 
in May and planted it to beets. The primary object was to observe 
its effects on the soil, but it presents an excellent example of the 
effects of manure upon the crop. I have already mentioned the 
fact that its effect upon the stand and growth of the crop was 
evident, and the tables show its effect upon the percentage of sugar 
and the coefficient of purity. The average for the fifteen samples 
taken from manured plots on October 3, 1898, is 12.79 per cent. 
sugar in the beets, with a coefficient of 78.1; the average for the 
corresponding set from the unmanured plots is 13.30 per cent. 
sugar in beets, with a coefficient of 78.4; for the samples taken 
October 15 the averages are: 13.00 per cent. sugar, 79.3 purity, and 
13.40 per cent. sugar, 79.6 purity; for October 22 we found 12.92 
per cent. sugar, 80.8 purity, and 14.18 per cent. sugar and 83.9 
purity. The averages are in harmony with our statement that 
manuring land immediately before raising a crop of sugar beets on 
it tends to lower both the sugar content and the coefficient of purity ; 
but its range is only from 0.5 to 1.2 per cent. sugar and from 0.1 to 
3.1 in purity, provided we attribute the whole of these differences to 
the effect of the manure. 


§25. The effect upon the form of the beets was in our case a 
much more serious consideration than the diminution of the sugar 
content and the coefficient of purity. The form of the beets was 
decidedly objectionable. The bad tilth of the ground of itself 
tended to the production of ill shaped beets, but the manure made 
them very rooty, giving rise to a short, chunky beet with several 
spreading roots and a large mass of fibrous roots. This was very 
noticeable and common to all of the varieties, but shown in different 
degrees. 


§ 26. The crop of 1899 shows the same results, but the manure, 
having become more fully incorporated with the soil, effected the 
form of the beets less than in the preceding year. The percentage 
of sugar and the coefficient of purity were effected quite as pro- 
nouncedly as in 1898. This is evident from the tabular statement 
of the results for 1899, from which it appears that the manure 
caused a depression of as much as 2.3 per cent. (See Zehringen, 
samples taken October 18.) The effects of the manure upon the 
stand, color of the tops and development of the crop, were almost as 


SucarR BEEtTs. 19 


evident in 799 as they were in ’98. The residual value of the 
manure, judging by its effects upon the second crop, is greater than 
one would be justified in anticipating. This is largely due, without 
doubt, to the peculiar resistance to complete decay and humifaction 
shown by manures in our soils. It is an often observed fact that 
manure when applied to a tilled crop remains a long time in the 
soil without undergoing that disintegration which we are accus- 
tomed to see in Eastern soils, where there is an abundance of rain 
and cloudiness prevails for a much larger percentage of the time 
than with us. This fact was not new to me, but I was of the 
opinion that the soil, with the water level within from 4.5 to 3 feet 
of the surface, would remain moist enough, especially when shaded 
by the tops of the beets, to cause the complete rotting of the manure 
early in the season, but it was not so. The manure, some of it 
scarcely decomposed at all, was abundant when the beets were 
plowed out and can at the present time, two years subsequent to its 
application, be easily recognized as distinct from the soil. The 
practical recognition of this is the wasteful custom, still too general, 
of making no effort to convert the straw and other litter of the farm 
into manure, or of using the manure to fill mud holes in the roads 
or dumping it on the commons when it has become necessary to 
remove it from the neighborhood of the houses. It is a question 
with the ranchman how to treat the manure so as to get good 
results without materially adding to the labor of irrigation. This 
is especially true of cultivated crops. The beets did not produce 
shade enough to effect, even with the aid of the moisture in the soil, 
the rotting of the manure. 


§27. The straw with which we dressed one section did not: 
withstand decay so persistently as the manure. This may be 
explained by the fact that there was less of it, by its being loose, 
without any matting together, and by its having been more 
uniformly mixed with the soil. 


$28. The effect of the straw upon the sugar content and 
coefficient of purity is not pronounced, but it is certainly less 
prejudicial than that of the manure. I cannot say that I observed 
any effect upon the form of the beets which I could attribute to the 
direct action of the straw. But its ameliorating effect upon the soil 
was quite as pronounced as that of the manure. 

This is in harmony with the view expressed in Bulletin 
46, 2. ¢., that the soil experimented with is so rich in plant food that 
the effect, if any, of the alkali upon the growth and composition of 
the crop is obscured, and that it is not the chemical composition 
but the mechanical condition of the soil which is the factor of 
greater importance in any endeavor to improve its condition. This 
statement would be of little importance did it not apply to all of 
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the alkali soils that I have seen in this State, which I firmly believe 
that it does. 


$29. The numbers of the sections 1, 2 and 3 in the tables 
have the same signification as in Bulletin 46. Section 3 is described 
as in very bad condition and low, very wet and alkalized to such 
an extent that the surface becomes coated to the thickness of from 
one quarter to upwards of half an inch with alkali. Its condition 
is, in fact, so unfavorable that I have at all times questioned whether 
it is not rather to this, than to the alkali per se, that the difficulty 
of growing any thing in this section ought to be attributed. The 
alkali may be responsible in part for this condition, but there is no 
question in my mind but that the water is the direct cause of this 
to a greater extent than the alkali. The very great improvement 
caused by addition of the manure and straw to this soil is corrobora- 
tive of this view. I see nothing in the addition of straw to modify 
in the least the effects of the alkali nor to diminish its quantity, 
but it does change the texture of the soil, permitting aeration and 
disintegration to a beneficient extent. 


§30. The third crop grown on this section still leaves it some- 
what doubtful whether we should charge any of the evil to the 
direct influence of the alkali. A few of the young plants were un- 
doubtedly killed by it, but after they had become established it 
seemed to do them no injury. I believe it to be of far less injury 
than it is usually thought to be. Both the sugar content and 
coefficient of purity of samples taken from this section during the 
three seasons are slightly lower than in samples taken from the 
other two sections. There are exceptions to this statement, but 
they are not of sufficient importance, in number or degree, to cast 
any doubt on the fact that beets grown in this section are inferior 
to those grown on the other sections. They have, however, im- 
proved in quality during the three years. The average of all 
- varieties grown in 1897 was 10.66 per cent. sugar in beet, with a 
coefficient of 73.3; in 1898, including both manured and not 
manured, the average was 12.68 per cent. sugar, 76.2 purity ; and 
an 1899 the average was 14.13 per cent. sugar, 77.1 purity. This 
is a marked improvement in the quality of the beet. The figures 
represent the total improvement, including that due to the soil, to 
culture, and the differences in the season. The two latter are more 
important than we are at first inclined to think. A good year is a 
familiar expression, but its equivalent in tons of beets, or pounds of 
sugar, is a very indefinite notion, especially to those who use it 
most frequently. Though three years of observation is too brief a 
time to form an estimate of the seasonal influences on this crop. I 
am inclined to eredit a large share of the improvement in the 
quality of the crops to this cause, and also something to the 
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differences in culture; but after making due allowance for these 
factors, there remains a decided improvement, due to the improved 
soil conditions, and, so far as I can now see, this improvement is 
wholly in its mechanical condition, brought about by the subsoiling, 
cultivation, manuring and by being left in ridges during the 
winter, exposing it to weathering. That it is not due to improved 
drainage is evident from facts which will be dwelt upon at a subse- 
quent time. 


$31. The important fact in this connection is simply this: 
That the water table has not been lowered, except temporarily by 
prolonged dryness or a lack of irrigating water. 

In connection with this question, the influence of the height of 
the water table, an attempt was made to determine the capillary 
power of the soil. It was necessary to break up the natural 
compactness of the soil, so we passed it through a 40-mesh sieve 
and packed it as firmly as we could, by gentle tapping, into a glass 
tube, 14 inches in diameter. Experimenting in this manner we 
found that the water had passed upward 313 inches in seven weeks, 
and in one year and five months the soil was perceptibly moist at a 
distance of 45 inches from the water surface, and quite wet at 39 

*inches from the same. If these figures represent the value of 
eapillarity in the soil in its natural, undisturbed condition, it would 
seem that our crops ought to have been pretty well supplied with 
water at all times, there being but a short time when the water level 
was more than 45 inches below the surface of the ground. The 
evaporation from the surface in the open field, exposed to a hot sun 
and the winds, is quite different from the evaporation from a small, 
shaded and protected surface, such as that exposed in my tubes. I 
I have made no attempt to determine how much of a part this may 
play in my experiment ; I simply acknowledge that it has something 
to do with it, and that is all. 


§32. I was at one time quite doubtful whether there was any 
drainage at all out of the area which I was cultivating, and thought 
to test the question by introducing some lithia chlorid into one of 
the wells and observe how long it would require for it to make its 
appearance in the adjacent wells. Lithia had been looked for in 
the analysis of the residues obtained from the ground water, and 
reported as absent, so I thought that my plan was feasible; but on 
examining the water more carefully, using larger quantities, I 
found it present in easily detected quantities. I had samples of the 
residues from the ground water, obtained during the preceding 
eighteen months, and an examination of these showed this element 
to be present at all times. I donot know whether this is true of 
other soil waters in this region or not. It, however, rendered this 
means of detecting a flow of water through our plot inapplicable, 
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but a subsequent experiment showed that the water level is lowered, 
by drainage or otherwise, from 0.7 to 1.0 foot in about 36 days. 
Observations, in 1898, on the rate of the fall of the water level after 
having raised it by irrigating, showed about 40 days as necessary 
for a like fall, 7. e., from 0.7 to 1.0 foot, in the different wells. The 
lowest point the water plane has reached below the surface of the 
ground, at the east end of the patch, corresponding to section 3, at 
any time during the three years, was 3.29 feet, which is less than 
the value of capillarity in this soil. Under such conditions of 
moisture it would seem.that, in some respects, it would be an ad- 
vantage, rather than otherwise, to have a long dry season. Such 
seems to have been the case, but not more so with this plot than 
with others more favorably conditioned. 


THE DRY MATTER IN THE CROPS. 


§ 33. The average percentage of sugar present in the crop of 
1898 was materially higher than in the crop of 1897, and the crop 
grown by the Chemical Department in 1899 was very rich in sugar. 
I have already stated that in the latter years there was a scarcity of 
water, and that the rainfall during the latter part of the seasons was 
small, so that the soil became dry to a depth exceeding the length. 
of the beets. I believed that this had the effect of increasing the 
dry matter in the beet, just as drying out under any other condi- 
tions would have done, and would account, in part at least, for the 
higher percentage of sugar. Accordingly, samples were taken, 
thirteen in number, ranging in weight from 800 to 10,500 grams, 
and the dry matter determined. The results ranged, in 1898, from 
18.63 per cent. to 25.62 per cent. with an average of 22.00 per 
cent., as against 17.59 per cent. in 1897, when the range was from 
16.69 to 18.01 per cent. These figures represent four varieties and 
seventy-two beets. The highest average obtained in 1897 was for 
the Kleinwanzlebener and Vilmorin, six beets each, which gave 
18.95 per cent. as the highest percentage of dry matter, showing 
that there was an average of 3 per cent. more dry matter present in 
1898 than in 1897, or at least one sixth more. In 1899 we find an 
average of 22.76 per cent., or three quarters of one per cent. more 
than in 1898; but this is with two varieties only, the Vilmorin 
and Zehringen. We did not find any difference between the 
beets which had grown on manured or unmanured sections in this 
respect. There were variations, but they were not constant in either 
direction. I think that this difference of from 3 to 3.75 per cent. 
in the total dry matter is mainly due to the difference in the 
seasons. 


THE DRYING OUT OF BEETS. 


§ 34. During the season of 1898 we received a considerable 
number of samples from different parts of the State and the results 
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were uniformly high. An attempt was made to obtain the weight 
of the fresh samples, but it was very unsatisfactory. I was informed 
that it was impossible for many of the parties to obtain the weight 
of the samples sent with any degree of accuracy, and this must have 
been the case, for quite a number of the samples received weighed 
more by 250 grams than when they were mailed to us, from three 
to five days previously. Why the senders should give us such 
under weights is not easy to understand. In spite of these accidents, 
we obtained 336 samples which we considered usable, in estimating 
the deduction to be made from the average percentage of sugar 
found in order to approximate the actual percentage in the beets in 
a fresh condition. The amount of drying out was very varying, 
often evidently too low, and sometimes so high that the result ob- 
tained had to be rejected as improbable; but none of the low ones 
were rejected and are included in the 336 samples used. The cor- 
rection to be applied as based on these is 1.49 per cent. These 
samples were all wrapped separately in paper and inclosed in a cot- 
ton sack or cloth. As the weights given by the senders weie 
unsatisfactory, I repeated the experiments of 1897 with even more 
care, having regard to the temperature at which the room was kept 
during the time of the experiment. The mean temperature for 
September, during that portion of it in which we received samples, 
was 61.3°,and for October it was 46.3°, but the mean maxinum was 
61.0°. I endeavored to keep the room about 60°. I took 4,660 
grams of beets and obtained the following results, the loss being ex- 
pressed in percentage of weight at beginning of the twenty-four 
hours. 


TABLE III—SHOWING THE RATE OF DRYING OUT OF BEETS. 
Weight. Temperature Percentage 


Days. Grams. of Room. Degrees. of Loss. 
SMe sete ete Rate 4660, Onan Boo ee Sale 
Ue cetce aaa: 4460.0 57-66 4,39 
DM sree Cuetee re 4322.0 56-62 3.08 
SB ihgrees Aer aeee dz: 4182.0 56-57 3.24 
Ae Aostoiste et eaters 4066.0 57-62 Patt 
pee vemre nae ate 3915.0 57-62 3.71 
Oe nie Geto OOD 3801.0 57-62 2.91 
[a Serna 3695.0 57-65 2.79 
telomere RaGe SaS 3617.0 60-60 2.11 
OUR Me saeciaute Ah ec 1.93 
Uke s J caiecucraar SA OS Ohman Lis. 2.23 
a UD bn aes oe ROR DRESS 3391.0 57-60 2. 
HDR cos fore: ds sacais 3305.0 60-67 2.42 


§35. The conclusion arrived at in 1897, was that the maxi- 
mum loss was 5.4 per cent. for the first 24 hours, and that after a 
few days it fell to about 2 per cent. and remained quite constant up 
to17 days. The-experiment just recorded was made under similar 
conditions as those in 1897. The beets were covered with gunny 
sacking to protect them from light and to protect them from drafts 
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of air as much as possible. In 1897 the loss in the first 12 days 
varied from 30 to 33 per cent. of the original weight of the beets ; 
in 1898 we obtain 29.00 per cent. loss, and after the first seven days 
the daily loss is roughly 2 per cent. 

As but few samples received from different parts of the State 
were analyzed sooner than five days after being harvested, the de- 
duction of one and one half per cent. on account of drying out is 
quite within reasonable limits, as according to the most favorable 
results obtained by experiment, a deduction of upwards of 2 per 
cent. would be allowable. Our own samples were analyzed within 
24 hours after being taken and lost less, and tend to correct the 
error and justify us in taking the lower figure, 1.5 per cent. 


$36. The importance of this is apparent if we consider the 
effect of it in stating the average percentage of sugar in the crop of 
1898. We have 813 samples of this crop and the average of the 
analyses as made is 15.12 per cent., but allowing for the drying out 
by deducting 1.5 per cent., we have 13.62 per cent. as the average, 
which I believe is the nearest approach to the truth that we can 
make. 


§37. The records of this department show that the average of 
all samples recorded from 1888 to 1896 inclusive, is 12.8 per cent., 
according to which the crop of 1898 was above the average. 


§38. It should be remembered that the question of drying 
out is of much greater importance in considering small samples 
sent to the Station than it would be in samples taken from car-load 
lots sent to a factory. The factory sample would be likely to be 
nearer correct than the sample sent to some chemical laboratory to 
be tested. 


COEFFICIENT OF PURITY. 


$39. In connection with the last question, that of the coefficient 
of purity is of some importance, not as to what extent it is effected 
by the drying out, but as to how near the truth the ordinary de- 
termination comes. Two series of experiments were made, five 
with Vilmorin and six with Kleinwanzlebener. These beets ranged 
in sugar from 9 to 14 per cent., and the coefficient obtained by evap- 
orating to dryness to determine the total solids was sometimes higher 
and again lower than that found by the ordinary method, but the 
average of the five determinations made with the Vilmorin was the 
same and that with the six Kleinwanzlebener samples differed by 


0.2 per cent. The average obtained as ordinarily determined being 
higher by this small amount. 
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THE EFFECT OF SIZE OF BEETS ON PERCENTAGE OF SUGAR. 


§ 40. The impression is that large beets will be low in sugar 
and that small beets will be rich in sugar. I do not recall having 
seen it so stated by any one writing on the subject. It is, however, 
claimed, and that justly, that medium sized beets are apt to be richer 
in sugar than larger ones, and under ordinary conditions they will 
be richer than very smallones. It should be remembered that such 
statements are only true in a general sense and do not exclude ex- 
ceptions either way. Having seen so many exceptions to the state- 
ment that large beets were apt to be poor in sugar, I endeavored to 
determined the influence of size upon the percentage of sugar. 

We sometimes find large beets in a row where the stand is 
regular, and the large and small beets have, to all appearances, had 
equal chances, with the general conditions favorable to the forma- 
tion of beets rich in sugar. Again we find beets grown under 
conditions which we know from observation to be unfavorable to 
the growth of beets rich in sugar, whether they are large or small. 
Again, we know that beets grown from different seed, and on different 
plots of ground, differ in quality. I shall give examples showing 
this to be the case with different parts of rows, one end yielding 
markedly better beets than the other, without regard to size. 


§41. In order, then, to study whether a large size has any 
prejudicial relation to the sugar content, I took beets of different 
sizes grown under the same conditions, 7. e., I took all of the beets 
growing in a certain length of row and analyzed each one separately 
where they were large enough to make a sample; if not, two were 
taken together. 

This was done with a number of rows, and the results are given 


in the following table: 
TABLE IV.—RELATION OF SIZE OF BEETS TO SUGAR CONTENT. 


Weight of Percentage of Coefficient 

Number. Beet in Pounds. Sugar in Beet. of Purity. 
1 Noe BAe op elec 4.40 13535 79.6 
INN ese tater Reoey, 4,00 14.16 73.0 
BENE a AO) 14.96 81.9 
A ee ora: 2.90 16.06 85.1 
Eyer eee A oo. ogee nOU) 14.77 80.8 
One rnin iver cco cites 2.40 14.44 76.8 
TS Soe eC aCe ih fss 16.96 82.5 
See cat co 5a oe 1.60 15.39 79.7 
OMe Rs oye lsOU 15.06 81.0 
ID Sst et aaeoaeronc 1.50 15.68 83.1 
ed toa cuxd baste eee 16.44 79.9 
DOP okie: 5 aiavetag aos 1.20 ila Terf 85.8 
1S yeu he Saline enter ree ee 0.75 14.73 GS) 
Dea cleats eeepc 0.62 15.44 81.0 
Mais aeRO choi 0.62 15.58 83.4 
UGireie cece ieeae 0.62 12.97 70.3 
| nae CMRI Caen OG 0.50 14.30 74.5 


1 pene ee 0.40 14.58 78.0 
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§ 42. This set of samples shows that beets ranging from 1.20 
to 1.75 pounds, Nos. 12 to 7 inclusive, are preferable to either 
larger or smaller beets. It happens that we have six beets ranging 
from 2.4 to 4.4 pounds, showing an average of 14.62 per cent. of 
sugar, and six beets weighing less than a pound each, whose 
average sugar content is 14.60 per cent. I consider this a reason- 
ably fair test of this point, as the samples are of the same variety 
and taken consecutively, and from a portion of the rows where the 
stand was perfect. The beets were mature and in fine condition. 


§ 43. Another set of samples was taken of another variety 
which had grown near an irrigating ditch, and near the edge of the 
patch. I knew that these conditions tended to the growth of large 
beets of low quality. But I desired to see what the relation of size 
to quality was in these. This variety was not known. The seed was 
purchased for Lane’s Imperial, but they were not Lane’s Imperial, 
being a sugar beet of the type of the Kleinwanzlebener, and but 
little inferior to this variety when grown under like conditions. 
This variety, under fairly favorable conditions, showed an average 
of 13.25 per cent. sugar, against 13.97 per cent. for the Klein- 
wanzlebener. A sample of this variety, grown on my own plot and 
taken a few days before these, showed 12.59 per cent. sugar, with a 
coefficient of purity of 77.6. ? 


TABLE V.—RELATION OF SIZE OF BEETS TO SUGAR CONTENT— 


(Continued). 

Weight of Percentage of Coefficient 

Number. Beets in Pounds. Sugar in Beets. of Purity. 
Litocnteines ote 8.62 10.59 67.5 
DAE PAB ALS eee rua ar 8.12 10.45 68.3 
SER orucir oo TAO 6.90 9.64 62.5 
4 anti) 9.50 65.2 
5 OG 10.45 65.9 
Graeme eee Salo PATE 72.3 
Thi Gc ROE POIES 2.88 10.45 67.0 
8 MeiOe 9.26 62.1 
tS Tie, PERERA Peet othe Se paral 10.21 64.7 
TICs Gensco POA 8.46 66.6 
Le Serie tee eae 2.01 9.98 66.0 
LD eee cacti cemeeee 1.78 10.45 66.5 
11833916 55 1235) 70,1 
a ene eaonee Mac iak 1.08 10.45 65.9 
LAST Reeth eee aac ba 0.25 11.88 69.7 


§44. This set of samples is no more decisive than the pre- 
ceding. If it shows anything, it is that beets from one quarter 
to one and three quarter pounds will be better than larger beets; | 
but taking the individual beets, we observe that the eight-pound 
beets are as good or better than the one pound sample, and that the 
three-pound sample is better than the one quarter pound one. The 
size seems less determinative under conditions of abundant 
moisture and favorable soil conditions than under others. 
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§45. Being altogether dissatisfied with the results of these 
observations, I thought to eliminate the variation in the individual 
beets by digging a section of a row, dividing the beets according to 
weight into different samples, and determ: ning the sugar in these. 
Further, to decrease the chance of error by happening to get either 
too wood or too poor a sample, I took two sections of each row, one 
from the east half and one from the west half, and further still, I 
took four varieties. The east half and west half of the pateh 
received the same treatment, except in one particular. The dis- 
tance to which all of the beets so far mentioned were thinned was 
from 6 to 8 inches. The results are interesting, and are given in 
the following table: 


TABLE VI.—RELATION OF SIZE OF BEETS TO SUGAR CONTENT— 


(Continued). 

East Half. West Half. 
coe Ce ae a | gia 

1) & . on eH 
A 2 - = E a 4 3 EE E i 
VARIETY. E 3 | Z g ee - 3 8 3 As 33 - 
s|s| 2 |]g2| $2) g |] sis] 2 | S38] g8 | 2 
Sle ee 3 8/8) $ | es] & 3 
elag| 2 (Sf18 | ielal esi 8 | & 
fle|4| 8|& [8 |el/2|4| alé | 
Vilmorin Improved...| 1] 9 | 2.72 | 7.3 LS APES 5 TW e51 °8.259 |), 15,06 |) Sla7 
Pal) Chl pay Olen ae 13.30 | 75.0 IBY! SU Sstiscobee 16.15 | 83.3 
Boi LU 56 a eeness 13.90 | 79.2 Bl OHSS seecnc 15.11 || 79.5 
ANT OLLO5 7 ete Sevste a ee fedeall la Kolar omc lomaal Inaensee | lodonne laseaaoood |saradc 
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§ 46. The beets from the west half are by far better than those 
from the east half, and this, too, without regard to size, so that the 
beets from the two halves cannot be compared with one another. 
The number of beets exceeding 1.5 pounds from the east half stand 
to those from the west half as more than 2 to 1. The length of row 
dug was carefully measured, and the distance apart in the row 
determined ; for the Vilmorins it was 7.3 inches in the east, and 
8.25 inches in the west half; for the White Imperial it was 6.99 in 
the east and 6.66 in the west half; for the White French, 8.13 
inches in the east and 9.3 in the west half, and for the Dippe’s 
Kleinwanzlebener it was 6.3 in the east and 6.48 inches in the west 
half. The distance between the beets is well within the generally 
assumed proper limit. The shortest section of row dug was 20 feet, 
and the length of the rows was 400 feet. 


§ 47. A casual inspection of the table leaves the impression 
that the beets from the west end of the patch are smaller than 
those from the east half, and are richer in sugar than these. This 
is true, but I do not believe that the rest of the inference likely to 
be drawn, 7. e., that it is because of their smaller size that they are 
richer, is justified. I believe that this depended upon some other 
factor. 


§ 48. It is difficult to satisfy oneself by a study of the results 
given in this table that there is anything shown by it more 
definitely than by the preceding ones. Taking each of the samples 
by itself, that is, comparing beets grown side by side, we find only 
two sets in the six where there is any decided difference in favor of 
the smaller beets, and these two are of the same variety, the White 
French, and the larger beets weigh from 3 to 7 times as 
much as the smaller beets. We cannot even allow this uncertain 
advantage to the smaller beets, in regard to coefficient of purity, for, 
according to the table, the difference is in favor of the larger beets. 
If from this table we select beets of the same size for comparison, 
we will find that those from the west end are the richer and better 
beets. The few exceptions which we find to this statement are 
confined to the White French variety. If we had dug the whole of 
the rows, and selected all of the beets weighing upwards of two 
pounds, we would have gotten at least two thirds of the sample 
from the east half of the patch, and if we had, in the same manner, 
collected a sample of beets weighing less than one pound, we would 
have gotten more than half of it from the west end, and these 
samples would not give us the data to judge of the relation of size 
to percentage of sugar. It would be, in a considerable degree at 
least, equivalent to comparing the large beets grown in the one half 
with the small beets grown in the other half, which conceals the 
relation between the size of the beet and its percentage of sugar. 
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If from the preceding table we take the average of all the samples in 
which the individual beets exceed two pounds, and compare it with 
the average of all those in which the beets weighed less than one 
pound, we find a difference of 1.5 per cent. sugar in favor of the 
small beets, which is actually a greater difference than is shown 
between the largest and smallest beets in any single experiment in 
the series. In order to make this comparison, we must take beets 
grown side by side, which we have endeavored to do, finding as 
the result of the eight experiments recorded in the last table, that 
beets weighing about one half pound contained, as compared with 
beets weigbing upwards of two pounds, in one case more than 1 
per cent. more sugar, in two cases more sugar by 0.67 per cent., in 
one case more by 0.19 per cent., and in one case less by 0.19 per 
cent. Of four varieties experimented with, the maximum difference 
shown by three of them in favor of the small beets is 0.67 per cent., 
while the fourth shows a difference of a little more than 1 per cent. 


§ 49. The second table given under this subject, being the 
results obtained from an experiment with beets of very large size, 
and grown at or near the edge of the patch, with a constant and 
abundant water supply, suggested an explanation for the general 
impression that large beets are poor beets. Excessively large sugar 
beets, 8 to 10 pounds or upwards, are unusual. Such beets are 
grown under such conditions as above given, at the edge of a patch 
with abundant water and plant food, or where they stand alone. 
I have analyzed Kleinwanzlebener beets grown in this manner that 
were very poor, showing less than half as much sugar as the average 
of the patch. In other words, very large size and low quality are 
associated with an almost unlimited feeding ground and abundance 
of water. There was a single row of beets on the Farm which had 
practically been grown under these conditions, except that the beets 
were thick in the row. There were three varieties: Vilmorin, 
White French and White Imperial. Samples of each of the 
varieties were taken by digging a piece of the row and sorting the 
beets into different lots, according to size. 
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TABLE VII—EFFECTS OF EXCESSIVE FEEDING GROUND ON 
QUALITY OF BEETS. 
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§50. This exhibits the effect of growing free, which would 
probably have been more pronounced had the beets not been so 
crowded in the row. The Vilmorins averaged one beet to each 3.4 
inches, the White French one to each 3.5 inches, and the White 
Imperial one to each 2.4 inches. ‘This made the beets so thick that 
they pressed one another outward from the row, and modified the 
effect of the row being single and with an excess of room laterally. 
In the case of the Vilmorin there is a decided superiority shown by 
the small beets in both percentage of sugar and coefficient of purity, 
1.5 per cent. in sugar and 4.5 in purity. The other two are so close 
that it is not decisive. The average of the Vilmorin is so close to 
the value found for the sample taken from the patch that it is not 
clear that the difference is due to the amount of space at the disposal 
of the beets. In the other two, however, there is a difference of one 
and one and a half per cent., respectively, in favor of the beets 
grown in the patch. The two soils in which these samples were 
grown are equally good, so far as one can judge. 


§ 51. My conclusion is that in the case of beets growing side 
by side, those ranging in weight from one to two pounds are richer 
in sugar, and of higher purity, than either the larger or smaller, 
and of the latter that there is a slight difference in percentage of 
sugar in favor of the smaller beets. But the difference in purity is 
slightly in favor of the larger beets, and in neither case is the 
difference great or constant. But large beets, grown under condi- 
tions differing from those under which the smaller beets have been 
grown, cannot be compared with the smaller ones. I also take it, 
as indicated by the values obtained from the samples from our 
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single row, that two great a width between the rows tends to have 
the same effect as permitting the beets to grow singly. 


EFFECTS OF OVER IRRIGATION. 


$52. The difference in the size of the beets, it being smaller, 
and their sugar content, it being higher, in the west end of one of 
our patches than in the east end, seemed difficult to explain, as the 
patch was only 400 feet long, and the soil seems equally good 
throughout. Our field notes, however, call attention to the fact that 
the west end is hard and the foliage is yellow, as though water had 
stood there, puddled the ground and produced the yellowness of the 
leaves. As this was the only perceptible difference in the condi- 
tions at the east and west ends, there remained nothing else to 
which to attribute the difference in the quality of the beets. There 
was another patch on the Farm in which this had happened, and 
we collected samples from this patch also and analyzed them, 
together with samples taken from the same patch, but which had 
not suffered from this cause. It appears from the table on page 27 
that the average of all the samples taken from the west end 
exceeds by 0.71 percent. that of all the samples from the east end. 
An examination of the table in detail shows how constantly the 
samples from the west end were better than those from the east end, 
though the average difference is only 0.71 per cent. The samples 
obtained from the other patch, consisting of eight beets each, the 
one yellow from the effects of too much water, the other taken a few 
feet away but green and healthy looking. The beets of both 
samples were small. In the green sample they averaged 0.62 
pound. This sample showed 13.78 per cent. sugar and 79.1 purity. 
In the over irrigated sample the average weight was 0.66 pound. 
This sample showed the presence of 17.20 per cent. sugar and 89.1 
coefficient of purity. It was at this time so late in the season that 
we could not follow this subject, and postponed further observations 
until the next season, 1899. I was, in a certain sense, thwarted in 
this part of my work; but in another sense I was not. In making 
an experiment with irrigating water I had an opportunity to over 
irrigate my beet plot and subject it to a treatment reproducing the 
conditions of these over-irrigated patches. 


§58. My plot did not need water, but wishing to make 
observations on the changes in the amount of solids, etc., which go 
into solution and pass into the ground water, I obtained, through 
the kindness of Capt. Hawley, our Water Commissioner, enough 
water to thoroughly soak the ground, raising the water plane quite 
to the surface. This irrigation was made August 31 to September 
2 inclusive. The ground was not disturbed, but allowed to settle 
and become hard. The beets were left to themselves until dug. 
The ground did become hard, and the beets showed the effect of 
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over irrigation by turning yellow in places. The average for this 
plot in 1898 was 13.65, and the average for all samples analyzed at 
the Station that season was 13.62 per cent. The average for this 
crop, 1899, which was over-irrigated in early September, was 14.69 
per cent. Ihave no way of judging whether I diminished the 
yield by treating the crop as I did, but it was the largest yield that 
I have yet gotten off of this ground. ‘The size of the beets in the 

over-irrigated patches of the season of ’98 give contradictory — 
indications. It seems probable that the yield would be diminished, 
but it certainly was not materially affected in any of the observed - 
cases. 


§54, These facts seen to contradict the generally accepted 
view that a rainfall in the latter part of September or early October 
may effect the beets unfavorably. I recorded, in 1897, the effect of 
a rainfall of about .75 of an inch as depressing the sugar content to 
an extent which the beets did not overcome for three weeks. I 
think that the explanation is not difficult. A moderate rainfall 
may do one of two things, according to the condition of the crop at 
the time of its fall. If the crop is growing slowly, but has not 
begun its rest period, the rain may very materially increase its rate 
of growth, and an increase in weight of crop may take place more 
rapidly than the formation of sugar. This would produce a 
depression in the percentage of sugar present, but the percentage 
might be subsequently regained or exceeded. If the crop had 
already begun its resting period, had begun to ripen, the rain 
might, as it often does, produce a new growth, that is, a second 
growth, in which new leaves are produced, a fact familiar to every 
one. In this case there is a real diminution of the sugar present, 
and not only an apparent one due to a disproportionately large 
increase in the weight of the crop. In the over irrigation we have 
neither of these cases. On the contrary, the effort was to keep the 
beets growing steadily, but to puddle the soil tightly about them at 
a period not too much in advance of their normal time of maturing 
and then to leave them. I do not believe that the same results would 
follow in all soils, nor if the excessive irrigation should be applied 
at a time when it would cause the crop to take on a new growth, 
but there does seem to be enough promise in it to justify a 
sufficiently extensive series of experiments to determine the exact 
conditions of soil and time when it will produce advantageous 
results, as there is no doubt but that such conditions exist. 


BEET ASH AND ITS COMPOSITION. 


$55. In 1897 I endeavored to determine the ash at different 
periods in the development of the beet, and the effect of the different 
soil conditions upon the composition of the ash. There was a series 
of analyses of beet ashes, seventeen in number, made during the 
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season. ‘Thirteen of these ashes represented varieties of sugar beets, 
mostly the Kleinwanzlebener variety. The reason that my work 
was confined to this one variety was that the results obtained 
showed so little variation that the information to be obtained did 
not promise to be commensurate with the labor involved. Our 
conclusion from that series of analyses was, that probably owing to 
the richness of the soil in the elements of plant food necessary for 
the beet, the alkali present had exerted but little or no influence on 
the composition of the ash. The ash in that series which showed 
the largest amount of soda was one prepared from beets grown on a 
Farm plot free from alkali, or as much so as any of our soils. The 
only thing which we observed in the analyses which might be taken 
as indicating anything characteristic of the soil, was the tendency 
shown toward a high chlorin percentage. We have not endeavored 
to study this subject in such detail in the subsequent years, but 
have reduced the number of samples, enlarging them at the same 
time, so as to make them thoroughly representative. As we had 
selected the Kleinwanzlebener variety in 1897, we selected it also 
in 1898. The samples were not only of the same variety, but were 
grown on the same ground, so the ashes ought to give us a measure 
of the influence of the manure applied, and the effect of the culti- 
vation if the composition of the ash is materially affected by these 
factors. Our conclusion in 1897 in regard to this point, was that 
the composition of beet ashes was relatively constant, within com- 
paratively narrow limits. The following analyses corroborate this 
view, though they are not given for this purpose: 
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TABLE VIII.—GIVING COMPOSITION OF ASHES OF BEETS GROWN 
WITH AND WITHOUT MANURE. 
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§ 56. This table shows the composition of beet ashes obtained 
from beets grown on three different soils and under different condi- 
tions, both of season and cultivation. The differences in the 
percentage of dry matter in these samples are, as I have alread 
suggested, to be attributed to seasonal influences rather than to 
differences due to variety and cultivation. But whether the other 
differences, such as is observed, for example, in the percentage of 
the phosphoric acid, is to be attributed to the differences in the 
soils, season or cultivation, appears open to doubt, though the 
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higher percentage of this acid in the ash of beets grown on the: 
manured ground indicates that the cultivation has an influence: 
upon the amount of this component of the ash, tending to increase: 
it. On page 48, Bulletin 46, is given an analysis of the ash of a 
sample of Kleinwanzlebener beets grown in New Mexico, in which 
we have less than 4 per cent. (3.336 per cent.) of phosphoric acid, 
showing that ash from the same variety may have a varying. 
composition, due to differences of soil, and it may be that the lower 
phosphoric acid in the Vilmorin ashes, given in the table, is due to 
this. and not to variety, for these samples were grown on different. 
plots in 1897 and 1898, while the Kleinwanzlebener samples were: 
grown on the same plot, one half of which, however, had received a. 
dressing of manure. The percentage of chlorin shows the greatest: 
change as a result of the cultivation and continued cropping. In 
1897 the ash of the Kleinwanzlebener beets contained 12.599 per 
cent. of chlorin ; in 1898, grown on the portion which had not beem 
manured, the ash contained 11.857 per cent., and the ash of the 
beets grown on the manured portion contained 10.752 per cent. 
The highest percentage of chlorin found in the ashes of the Zehrin- 
gen variety, in 1899, was 9.464 per cent., while the Kleinwanzle- 
beners showed only 5.699 per cent. chlorin present in the ash. 
These last two samples were grown on soil which had not at any 
time received a dressing of manure. These percentages indicate a 
decrease in the amount of chlorin taken up by the beets, as the soil 
conditions are improved. There has been, at the same time, am 
improvement in the quality of the beets. In 1897 the Klein- 
wanzlebener variety showed 11.76 per cent. sugar, 76.0 purity > ins 
1898, 13.97 per cent. sugar, 84.6 purity; in 1899, 15.34 per cent.. 
sugar, 80.8 purity. For two years, 1897 and 1898, the percentages: 
of sulphuric acid, phosphoric acid, lime and magnesia remained 
almost the same. In 1899, however, the percentages of lime and 
magnesia increased by about 1 per cent. in each case. Previous to 
1899, the highest percentage found for the magnesia was 5.74\ per 
cent., but in 1899 it reached 7.25 per cent., an increase of 1.5 per- 
cent. In the case of the lime, the highest percentage found, in 1897’ 
and 1898, was 2.826 per cent.;in 1899, 4.106 per cent; also an 
increase of nearly 1.5 per cent. These samples were grown on the 
same plots, and were of the same variety of beets. The changes 
observed are toward a closer agreement with other analyses tham 
heretofore. These percentages do not establish permanent changes, 
but do show the tendency which the continued cropping and culti- 
vation of this soil has to modify its effects upon the mineral matters 
taken up by the plants. The tables giving the percentage of sugar 
and the coeffizient of purity for these crops show a decided im- 
provement in the three years covered by the experiments, and the 
analyses of the ashes show the tendency which manuring,, 
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cultivation and continued cropping to the same crop, has to 
ameliorate the effects of unfavorable soil conditions. 


$57. Reference was made to the question as whether the 
manure added to the soil, acted, in this case, as a fertilizer or as a 
mechanical agent, simply improving the physical condition of the 
soil. The composition of the ash shows that its action is not merely 
physical but is well marked chemically, in that the percentage of 
chlorin is lowered and that of phosphoric acid is increased. 


$58. Reference to the Tables Nos. I. and IL, showing the 
percentage of sugar, etc., for the years 1898 and 1899, will show 
that the effect of the manure upon the sugar content and coefficient 
of purity was not marked until the end of the season, or the period 
of ripening. This was especially true in 1898; the difference in 
favor of the not manured plots being greater in 1899 than in 1898. 
It should, however, be borne in mind that all of the. beets in ’99 
are remarkably high in sugar, and quite up to the average in 
purity, and while the beets grown on the plots having received no 
manure were better than those grown on plots which had received 
manure, it is not to be inferred that the latter were poor beets in 
regard to either sugar content or purity, for the averages for the two 
varieties grown on the manured plots in 1899 were 15.05 per cent. 
sugar, 81.7 purity, and 14.15 per cent. sugar, 77.7 purity, while 
those grown without manure showed 15.34 per cent. sugar, 80.8 
purity, and 16.24 per cent. sugar and 84.5 purity. 

The effects of the straw were probably almost wholly 
mechanical, and this effect was very evident. The effect of the 
‘sheep manure was evident in the improvement of the physical 
condition of the soil, in the germination of the seed, the more 
vigorous growth of the crop, the shape of the beets, the sugar con- 
‘tent of the beets, the coefficient of purity, and in its effects upon the 
composition of the ash. ; 


§59. The effects of the manure upon the vigor of the growth, 
the percentage of sugar and the coefficient of purity were quite as 
marked in the second as in the first crop grown on the soil after the 
application of the manure. The manure being more thoroughly 
incorporated with the soil the second year, did not produce as 
marked effects upon the shape of the beets as it did the first year. 


COMPOSITION OF THE MANURE APPLIED. 


$60. It has already been stated that the amount of manure 
apphed was at the rate of sixty-four tons to the acre, also that it 
was applied broadcast in February and plowed under in May. At 
the time of the application of the manure, my opinion was that 
this soil was so abundantly rich in plant food that the only effect of 
the manure would be mechanical. The results observed show that 
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its effects were varied, and it apparently produced important 
chemical changes in the soil, because of its fertilizing ingredients. 


§61. This manure contained, at the time of its application, 
45.14 per cent. of dry matter, or 28.89 tons of dry matter was 
applied per acre. 


$62. The ammonia in the fresh manure was equal to 0.926 
per cent. of nitrogen. This determination was made by distillation 
with magnesic oxid, to learn how much of the total nitrogen existed 
in the manure in the form of ammonia and ammonia salts; also to 
learn how great a loss might be suffered by the volatilization of this 
compound under the influence of our winds and sunshine. The 
loss in our particular case was probably large, as the weather re- 
mained clear for some time after the application of the manure, and 
dried it out until it became very dry. The percentage of the total 
nitrogen, which was set free as ammonia by the magnesic oxid, was 
47.22 per cent., and the amount expelled by drying the manure to 
a constant weight in a water oven was 60.73 per cent. of the total. 
I do not know the power of this soil to absorb the ammonia which 
was ready formed in the manure, but it is evident that the danger 
of loss was, under the conditions given, greater than one would 
expect. Had rain fallen immediately after the application, the loss 
would have been much smaller than it probably was. 


§ 63. The total nitrogen present in the manure was 1.940 per 
cent., or the nitrogen applied was at the rate of 2,483.2 pounds per 
acre; or if we allow a loss of one fourth of the nitrogen, due to 
volatilization and failure of the soil to absorb the ammonia, there 
would remain 1,861.6 pounds to the acre. The phosphoric acid in 
the fresh manure was 0.654 per cent., or an application of 837.1 
pounds, equivalent to 1,573.4 pounds of calcic hydric phosphate per 
acre. 


§ 64. The potassic oxid equaled 2.427 per cent of the fresh 
manure, or a dressing of 4,077.36 pounds of potassic oxid to the 
acre, equivalent to 8,543.11 pounds of potassic sulphate. We have 
the application of 2,483.2 pounds of nitrogen, 1,573.4 pounds of 
calcic hydric phosphate and 8,543.1 pounds of potassic sulphate, 
or their equivalent, together with nearly 25 tons of organic matter, 
producing the effects recorded in the preceding pages. 


§ 65. The most salient question suggested by a comparison of 
the composition of the manure applied and the results produced, is 
in regard to the phosphoric acid and potassic oxid, the former being 
materially increased in the ash of the beets, while the latter, on the 
contrary, is not effected, or is possibly decreased. The amount of 
potassic oxid applied is greatly in excess of the phosphoric acid, and 
the ratio of the potassic salts to the phosphates in the manure is 
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greater than the ratio of potash to phosphoric acid in the ash. The 
effect of the manure is probably to be found in the specific action of 
the nitrogen and the organic matter. I think that the analyses of 
the soil will tend to establish this view. 


$66. The nitric acid in the ground water in 1898 is more variable 
and much higher than it was in 1897, but on the other hand, the 
‘water level stood somewhat higher in 1897 than it did in 1898, 
the difference being about one foot. I think that the smaller 
quantity of water applied to the surface in 1898, either as irrigation 
water or as rain, tending perhaps to yield a more concentrated 
percolate, will not account for the greatly increased amount of 
nitric acid in the ground water, but that it is to be explained chiefly 
‘by the oxidation of the nitrogen added to the soil in the manure. 


$67. The total solids in the ground water in 1898 were 
‘higher, as a rule, than in 1897, but whether they were as much 
higher as the supply of water was less, I cannot say. I know that 
dt does not hold good that the total solids in the water are larger in 
-amount as the water is lower. The greater the depth of soil the 
water has to travel through, the less likely we are to find excessively 
large amounts of the total solids in the water. 


§68. In 1899 we had a larger amount of water as sub- 
‘irrigation water, and it may be doubted whether the total solids 
contained in the ground water should be used as a criterion of the 
-effect of the manure, 7. ¢, as a measure of the chemical changes 
dnduced by the manure. I regret that the relation here is so 
obscure and involved that it lessens the value of the results ob- 
wained, but our observations show that the total solids fell again in 
1899 to a lower point than they showed in 1897. 


Irrigation or heavy rains which fill the soil with water, raise 
the water level, and cause an increase in the chlorin contained in 
the ground water. The manure applied seemed to make the 
increase more pronounced and of greater duration. 

The analyses of the ground water in 1898 do not show a 
sufficiently marked difference to justify any further inferences than 
those based upon the nitric acid and chlorin. We shali discuss this 
part of our work more fully in the succeeding part of our study. 


§69. The effects upon the crop indicate that the manure 
applied produced not only mechanical effects upon our soil, but also 
chemical effects, both tending to improve its condition and elimi- 
nate the effect of the alkali in increasing the percentage of ash. But 
it is not clear what relation exists between the composition of the 
manure and the general effects produced. The observations made 
upon the effects of the straw, and the increased amount of nitric 
acid in the water (it is understood that this nitric acid is present in 
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the form of nitrates), incline me to the view that the organic matter, 
including the nitrogen, played an important part in our particular 
case. 

SOAKING EXPERIMENTS. 

§ 70. It is a universally acknowledged fact that the maturing 
of the beet is accompanied by an increase in the coefficient of 
purity ; that is, that the sugar in the juice of ripe beets constitutes a 
larger percentage of the total solids than it does in the juice of green 
beets. The percentage of sugar in the ripe beet is also higher than 
in the same beet when it is green. The increase in the ratio of the 
sugar to the solids not sugar, might be due to an increase in the 
amount of sugar, without any change in the amount of the other 
solids, in which case there would be an increase in the weight of 
the beets, corresponding to the increase in the amount of sugar and 
of the dry matter in the beet. There is, however, a disappearance 
of solids not sugar at this period, which indicates that the per- 
centage of total solids in the beet is not maintained at an 
approximately constant figure by a proportional increase of crop 
and sugar content, but a proportional decrease of the one and 
increase of the other. 


§ 71. The following experiments were made in an endeavor to 
obtain more definite information on this subject, 7. e., whether this 
change of material into sugar may continue after the beet has been 
pulled; for if we can prove an increase in the amount of sugar, 
before and after soaking, the probability of such a change in the 
living beet is strengthened. In 1897 we found that there was a 
period during which sugar was rapidly formed, but that sugar was 
present early in the history of the crop, and that there was a slow 
increase, after the growing season for the crop had passed, even 
extending up to the early part of January, the beets having been 
left in the ground and covered with straw. 

In 1898 a different experiment was performed. Tour varieties 
of beets were chosen, Vilmorin Improved, White Imperial, White 
French and Kleinwanzlebener. Sixty-eight beets of the first and 
sixty of each of the last three varieties were taken, and after washing 
were paired, according to size, and one of each pair taken for imme- 
diate analysis, while the other was taken for soaking. The halves of the 
samples obtained in this manner varied but little from one another, 
the maximum difference being six pounds on a sample weighing 
132 pounds. One half was analyzed immediately, the other half 
was packed in galvanized iron tubs, with fine sand, in such manner 
that the beets did not touch one another; water was added till the 
tubs were full, and pieces of ice were placed on top of them. The 
samples were soaked in this manner for seven days. The tempera- 
ture of the water in the interior of the sand ranged from 41° to 48° 
F. throughout this time. The results were as follows: 
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TABLE IX._SHOWING THE EFFECTS OF SOAKING BEETS ON 
THE SUGAR CONTENT. 


: After 

Before Soaking. Soaking 
QD q a . u 
las S g | 2 
as 3 BD 5 5 
Year. Variety. we | ao mn om 
og ad S 6 daw 
i e 5 w é Q ee 

Saye | ep ee meee 

Bch og ana ee Be re 

Zz = a iy ES 
SOS a dee ware ne een Vilmorin tm proved’ ncn.tso1-sne sie 34 65.00 | 8.2435 | 76.5 || 9.7657 | 78.8 
White Imperialiy.... o. tes. see 30 59.50 | 6.8960 | 74.0 || 7.0420 | 74.4 
Wihitesk rome liveries sense cnacsa 30 67.40 | 8.8698 | 80.3 || 8.8797 | 86.1 
Kleinwanzlebener................-| 30 24.70 | 3.3789 | 77.0 || 8.5644 | 83.5 
a EHRs aaionaueade dace DeWViIN OM 6 cia. chsersels kis ses ccrstoees tale 30 35.12 | 5.2020 | 78.7 || 5.6451 | 84.4 
ZeHVIM POM soace vies aise wlesiasictem eee 15 18.43 | 2.5918 | 77.2 || 2.7628 | 83.8 
Mailheraystels yap gee ooo be COBE CAR one 30 42.20 | 6.6549 | 82.0 6.8959 | 82.7 
Vilmorinie.naeskiveiescietat scene eceain ko 19.25 | 3.0560 | 84.2 3.1086 | 82.5 
AVOLALO selcehete Ce ttensicis nis inclotsisuet sacecichaysieyatsteye eialerstenaela\ 5.6115 | 78.7 5.9580 | 82.0 


§72. The samples taken were large enough to eliminate the er- 
rors in sampling, any effects of size of beets, and also any effects 
which might be attributed to variety. The same experiment was re- 
peated twice in 1899, using two varieties. The series of experi- 
ments is wholly consistent in showing an increase in the amount 
of sugar after the seven days’ soaking. I regret that I have not 
tried this experiment with beets at different periods of their 
growth. The experiments recorded were all made with mature 
beets, and the formation of sugar was going on slowly and would 
probably have proceeded slowly if the beets had remained in the 
ground with their full growth of leaves intact. 


§73. The effect upon the coefficient of purity is quite as 
marked as upon the amount of sugar present. In one case, it is 
true, the coefficient of purity appears to have been lowered ; this 
may really be the case, but I am inclined to consider it an:acci- 
dent, especially as the seven other experiments agree in showing an 
increase in the coefficient, while this one alone shows a decrease. 


THE REDUCING POWER OF BEET CHIPS. 


$74. Thinking that some light might be obtained on the 
preceding subject by determining the reducing power, shown by the 
beet pulp after the extraction of the sugars, reacting with alpha 
naphtol, by means of 80 per cent. alcohol, a series of experiments 
was made, in which the ground dried beets were extracted with 
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boiling 80 per cent. alcohol so long as the solution continued to 
react with alpha naphtol. I will observe, in passing, that this 
alcoholic extract yielded, after the alcohol had been distilled off, 
furfurol, upon distillation with hydrochloric acid of 1.06 sp. gr. 
The residue thus freed from sugar was boiled for thirty minutes in 
a flask provided with a reflux condenser, with 1.25 per cent. hydro- 
chloric acid solution. The solution was made to volum, and its 
reducing power determined. No furfurol could be detected as 
escaping from the condenser. The results were as follows : 


Kleinwanzlebener............. 9— 2-97—2.535 per cent. pentoses. 
Kleinwanzlebener.............9-22-97—3.415 per cent. pentoses. 
Kleinwanzlebener............ 10-13-'7—2.624 per cent. pentoses. 
Walrmonin' te. ete «hind cies 10-13-97—3.445 per cent. pentoses. 
Yellows Globe sy-c.c6ns ska e 10-29-97—2.673 per cent. pentoses. 
Hanes lmperial sacs cone sci 10-29-97—2.729 per cent. pentoses. 
AOMTIN OG SME a co caer te. Spantiars. 5 11-10-99—5.897 per cent. pentoses. 
NalmoOritiicd. sro mock eucere yas 11-10-99—5.615 per cent. pentoses. 
Zehringen—after soaking....11-10-99—5.770 per cent. pentoses. 
Vilmorin—after soaking...... 11-10-99—5.065 per cent. pentoses. 


The total furfurol which the samples were capable of yielding 
was not determined. 


§ 75. The two fodder beets, the Yellow Globe and the Lane’s 
Imperial, were included to see whether they contained more or less 
of these pentose bodies than the sugar beets. In the Zehringen and 
Vilmorin samples of 1899, we observe that the reducing power of 
the extracted pulp is high. The sugar content is also high, but the 
table does not show a decrease in these substances as the beet 
matures; at best, it is not conclusive, because the series is not ex- 
tended enough. But three out of four show a lower percentage for 
pentoses, accompanying a lower sugar percentage, and four out of 
five show a higher percentage, accompanying the higher sugar 
percentage. The two soaked samples agree in showing a decrease 
in the pentoses present, which may be due to transformation of 
these bodies into others. It seems probable that not only the 
monosaccharids, such as glucose, may suffer change into poly- 
saccharids, but that the pentoses may also be involved in similar 
changes. 


THE SUGARS IN BEET LEAVES. 


§76. Ihave tried four methods in my efforts to prove the 
presence of sucrose in the leaves and to determine its quantity. 

The first one tried was the investigation of the expressed juice 
of the leaves. This was very unsatisfactory, and led to no conclu- 
sion except that there is in the juice of the leaves one or more 
bodies which yield upon hydrolysis with hydrochloric acid bodies 
which reduce Fehling’s solution, but I did not succeed in establish- 
ing the presence of sucrose by this method. 
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§77. The expressed juice of the leaves was subjected to fer- 
mentation and subsequent distillation. Two thousand seven hun- 
dred and forty-nine grams of juice, expressed from fresh leaves, 
stems and blades being used, received a quantity of compressed 
yeast and was allowed to stand 36 hours at a temperature of from 
26° to 31° C., after which it was subjected to distillation. A blank 
test was made as a control. The results showed the probability of 
fermentable sugars in very small quantities in the juice of the 
leaves. 


§ 78. A larger quantity, 30 pounds, of stems of leaves were 
gathered October 20, 1899, when the deposition of sugar was sup- 
posed to be active, dried quickly, ground, and subsequently ex- 
tracted with 80 per cent. alcohol. The alcohol was distilled off and 
the extract concentrated, a little ammonia being added from time 
to time. The fluid extract was treated repeatedly with ether to re- 
move the chlorophyll, etc; an aliquot part of it was taken and 
treated with lead acetate, the sugars inverted by hydrochloric acid, 
determined by Fehling’s solution and calculated as sucrose. The 
total sugars found corresponded to 0.28 per cent. calculated on the 
green stems. The inversion was quite difficult to effect, much more 
so than the inversion of pure solutions of cane sugar. 


$79. The fourth method followed was that of Brown and 
Morris, i. e., extraction with ether, and solution of sugars in alcohol; 
treatment with lead acetate, removal of lead; determination of 
glucose by means of Fehling’s solution; inversion of maltose by 
means of invertin, and inversion of all of the invertible sugars by 
hydrochloric acid. 


§ 80. A sample of leaves, Kleinwanzlebener variety, gathered 
September 2, 9 a. m., when the beets were growing vigorously, gave 
the following results : 


Glucisece sess eee eae eae 0.156 per cent. 
Maltose..- coisas 0.030 per cent. 
Sucrose =< ".c) se ee oe 0.000 per cent. 

Total iio eee uence 0.186 per cent. 


Kleinwanzlebener, leaves gathered September 22, 9 a. m.: 


GIN c0se = = Soe ea eee 0.801 per cent. 
MaHoses o 5 32 at eee cee ee 0.023 per cent. 
Sucrose 


eee er ee ee eee 0.064 per cent. 


otal es eyes 0.888 per cent. 
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Kleinwanzlebener, leaves gathered October 13, 10 a. m.: 


GiNGodee ea. cues cece ey UM OUL Der Cent. 
MAG cren: ena eee 0.394 per cent. 
Ser eo tee ete a ee Lost per cent. 

Total 2222 . -. 0.792 sper cent: 


Vilmorin, leaves gathered October 13, 10 a. m.: 


AxbCGbe ee nen se ees 0.398 per cent. 
Matisse 55st Jo es 0.186 per cent. 
pucrose WSs eee. oct 0/000) per cent: 

ghee ee eee eae 0.436 per cent. 


These results agree in showing the presence of glucose and 
maltose, the latter being present in smaller quantity than the glu- 
cose, while cane sugar is present in subordinate quantities or ab- 
sent. 

As experiments show that the alcoholic extract of beet leaves 
yields furfurol when distilled with hydrochloric acid, indicating the 
presence of pentoses in this extract, which are susceptible of hydro- 
lysis, it cannot be considered as rigorously proven that there is any 
eane sugar present, though the probability of its presence seems 
quite strong. But it is much less than has been found in the 
leaves of other plants which do not store sugar as a supply for the 
future use of the plant. 


SUMMARY. 


§ 81. The effect of the alkali is noticeable, but to a less extent 
than in 1897, and the area in which its effects appear are 
more restricted. 


The application of straw, as well as of manure, improved the 
condition of the ground and perceptibly mitigated the effects of 
the alkali. 


The application of manure improved the stand of beets, but 
did not prevent a failure to germinate in some spots. 


The amount of water received by the crop of 1898, rain and 
irrigation water together, was about eight inches. 


The water plane varied from three to six feet below the surface 
in different portions of the patch at various times during the season. 


The force of capillarity caused water to rise 45 inches as a 


maximum, the surface of the soil being protected from wind and 
sun. 


The plot receives subirrigation, though there is a drain and an 
open ditch, supposed to intercept this water. 


The cultivation in 1897 differed in one respect from that given 
in 1898 and 1899. In 1897 the crop received two irrigations and 
more cultivations than in the latter years. The soil was kept more 
mellow. In 1899 it was purposely firmed about the beets in 
September, and no effort was made to mellow it after this. The 
percentage of sugar in 1898 and 1899 was higher than in 1897. 
This was in part caused by the condition of the soil produced in 
1899 by intentional over-irrigation. 


The effects of the manure upon the crop was to produce ill 
shaped, rooty beets, also to slightly lower the percentage of sugar 
and the coefficient of purity. Its effect on the shape of the beets 


was far more serious than that on the percentage of sugar and 
coefficient of purity. 


The conclusion reached in 1897, relative to the effect of the 
alkalized condition of the soil upon the percentage of sugar in the 
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crop, is corroborated by the observations of the years 1898 and 
1899, 2. e., that the alkali per se is not injurious in such quantities 
as It is present in any part of our plot. 


The effect of the manure upon the shape of the beets was 
noticeable the second season after its application, but it was less 
marked than it was the first season. But its effect upon the 
percentage of sugar and the coefficient of purity was almost as 
marked the second year after its application as it was the first year. 
The peculiar soil conditions are in part the cause of this, for they 
retard the rotting and complete incorporation of the manure with 
the soil. 


The marked increase in the percentage of sugar at the period 
of ripening, observed in 1897, was not observed in the years 1898 
and 1899. The difference in the manner of maturing is attributed 
to the difference in the seasons. It is possible, though not probable, 
that such increase had already taken place before we took our first 
samples, September 27. The beets did not show any signs of 
having ripened at this time. 


The beets from the Farm plots and our alkali ground sbowed 
no difference in this respect, corroborating the observation of 1897, 
that the alkali was without influence on the maturing of the beet. 


Cut straw was applied to one section in order to compare its 
effects with those of the manure, as a measure of the extent to 
which the manure might act as a mechanical agent. It benefited 
the soil greatly, its mechanical effect heing nearly as great as that 
of the manure, but the effects of the manure were in other respects 
much greater. 


The percentage of dry matter in the beets of the years 1898 
and 1899 was higher than in 1897, due, probably, to seasonal 
differences. The average difference for beets from my plot was 4.9 
per cent. in 1898 and 3.8 per cent. in 1899. 


The average percentage of sugar in the crop for 1898 was, 
after making allowance for some drying out of the samples, 13.62 
per cent. The average of the crop grown on alkali soil was 13.65 
per cent. 


Medium sized beets are apt to be better than either large or 
small beets, but the size is less determinative of the quality of the 
beets than the conditions under which they grow. Beets weighing 
two pounds and upwards are quite as rich as those weighing less 
than one pound, if they have been grown under the same 
conditions. 
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The effect of excessive free space was studied on a row planted 
singly, with unoccupied ground for several feet on either side. The 
beets were very close to one another in the row. The average 
percentage of sugar was lower than shown by the same varieties 
grown in rows twenty inches apart. 


Over irrigation applied at the proper time, produces, in some 
soils, an increase in the percentage of sugar, without materially, if 
at all, decreasing the crop. 


The continued cropping and cultivation of our plot has slightly 
decreased the percentage of ash in the beet and changed its compo- 
sition, particularly lowering the percentage of chlorin. 


If fresh beets be soaked for seven days in water cooled by ice, 
an actual increase of sugar takes place, indicating the formation ef 
sugar in the beet root. 


The substances in beet chips hydrolized by dilute hydrochloric 
acid, are, as a rule, higher in beets rich in sugar than in stock beets, 
or in those having a lower percentage of sugar. 


The leaves of the sugar beet contain some glucose and maltose, 
but only small quantities, if any, sucrose. 
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MAP OF REGION EXAMINED. 


INTRODUCTORY. 


Some years since (in 1894), a substation was organized 
at Cheyenne Wells, in Eastern Colorado, for the purpose 
of testing plants and methods adapted to that region. A 
report of the trials was given in the Annual Report for 
15005, 5 

ES iene the past year a different plan of work was 
adopted, both because it seemed that greater results could 
be secured, and because the authorities at Washington had 
ruled that the maintenance of permanent substations was 
not contemplated by the Hatch Act. The work was less- 
ened so that the superintendent had fewer duties at the sta- 
tion; he was furnished with a team, and his time largely 
given to a study of the methods of those who have gained 
a foothold, and to derive therefrom lessons of greater value 
than could come from the tests of a single person. The 
work of the year has been preliminary, but was necessary to 
establish a sound basis for future investigation or discussion 
of the problems of the Plains. 

The reconnaisance covers only a small part of the 
Plains portion of the State, and, therefore, the statements 
are not necessarily true for the region outside that con- 
sidered. 

The Plains portion of Colorado extends from the eastern 
border of the State to the foothills of the Rockies. 
Fort Collins, Boulder, Golden, Colorado Springs, Florence 
and Trinidad are at or near the western border. Along the 
eastern border the elevation is from 3,500 to 4,500 feet, and 
along the foothills from 5,000 to 7,000 feet, the latter eleva- 
tion being found on the Divide between the Platte and the 
Arkansas rivers. The Plains are thus an inclined plane, 
Pe almost imperceptibly from ten to twenty feet per 
mile. 

Limitless in expanse, with scanty, though nutritious, 
grasses, the Plains form the natural home of the stock indus- 
try, as they once did of vast herds of buffalo. 

This is not the place to discuss the Plains problem. 
With an area greater than most of the states east of the 


Mississippi, the magnitude of the area justifies a serious 
examination. LsGnee 


* Also issued as an excerpt. 


SORGHUM ON OLD GROUND. 


SORGHUM ON SOD. 
(Same row, planted same day as preceding.) 


INVESTIGATION OF THE GREAT PLAINS. 


PEELS NOTES 


—FROM— 


PVE SiN EAS TERN» COLORADO: 


By Jw A MIN EMS. 
Superintendent of the Plains Substation. 


This work was done by traveling about the country in 
a spring wagon. Over thirteen hundred miles were traveled 
during the progress of the work. Settlers were interviewed, 
and their evidence recorded. The investigation was con- 
fined mainly to Kit Carson county and the eastern half of 
Arapahoe county. 

Contrary to my rule, I have recorded my opinions and 
impressions in this report. These opinions are based upon 
a mass of evidence which is almost too extensive to record. 

With the exception of small areas near Idalia, and Ver- 
non, stock raising is the principal business of the people. 
Those having small herds usually raise some rough feed for 
use during storms. The Vernon settlement seems to be the 
only one which has held its own and held to the idea of grain 
raising exclusively. Many near Vernon believe in stock 
raising, but the country is occupied so fully that there is no 
range forstock. At Vernon, and near Lansing, Idalia and 
Friend, sentiment has made a local herd law which persuades 
each man to fence or herd his stock during the growing 
season. In all other communities, crops must be fenced to 
protect the cattle, but in those neighborhoods, the saying has 
become proverbial that, ‘‘No one has ever known a wheat 
field to chase cattle to their injury.” So if a man keeps stock, 
he must keep it away from his neighbor’s crops. These people, 
living from one hundred and thirty to one hundred and fifty 
miles from their county seat, do not often feel the force or 
effect of ordinary State laws; so they have been forced to 
allow a few customs suited to their conditions to crystallize 
into laws, so far as it is possible in the time they have lived 
in these communities. 

Depopulation—A\most the whole of Eastern Colorado 
was settled quite thickly during the years from 1886 to 1889. 
Lansing, Idalia, Friend, Cope, Arickaree City, Thurman, 


6 BULLETIN 59. 


Lindon and Harrisburg all aspired to be large cities, county 
seats or railroad centers. Lansing has disappeared and left 
only a few cellars to mark its site. Idalia still has two stores, 
two blacksmith shops, a school house and a few dwellings. 
At Friend, one old building, now used for the school, remains. 
Cope still has a store, a few dwellings and a school. One 
store building (now used as a residence bya family of four) 
still stands on the site of Arickaree city, and Arickaree P. 
O. is located on a ranch eight miles away. About Lindon, 
nearly all the land for miles around was once filed upon. 
Failure to get water in necessary quantities caused the whole 
country to be depopulated. At one place, I drove eighteen 
miles between Cope and Lindon without seeing a house. 
The site of old Lindon is now marked by a few heaps of 
earth and a few holes in the ground. Lindon postoffice is 
four miles south-west of the old town site, and the nearest 
house is two miles away. At Harrisburg, one family still 
lives. Thurman, also called Stone city, once had two banks, 
and two railroads were surveyed through it during “boom 
times.’ Now one family lives in Thurman. Buta colony | 
of hardy Mennonite farmers still hold claims near enough 
together to make lanes necessary. Twolanes cross at Thur- 
man postoffice. These farmers are all getting to be quite 
well-to-do. They make stock raising their main business, © 
but they usually raise grain, and always-produce plenty of 
rougn forage for their cattle. By these people, the Russian 
thistle is considered a friend. If the wheat crop fails, the 
Russian thistle grows among the wheat, and Russian thistle 
and wheat mixed make excellent feed. Before the intro- 
duction of the Russian thistle, they had no winter forage 
when their wheat crop failed. | 


TREES—TZimber Claims. 


Of the thousands of claims planted to trees, only a few 
groves remain to-day in thrifty condition. I madeit a point 
to visit every grove which was said to be in good condition 
and still cared for. 

Observation has shown that groves cease to do well as 
soon as they are abandoned and permitted to become 
scratching places for cattle. After inspecting several hun- 
dred claims, we decided that the trees which have been able 
to withstand the conditions best are ash, honey locust and 
black locust. I photographed two of the best groves I saw. 
One of these is one-half mile west of Logan post office, 
The other is seven miles north-east of Lansing post office. 
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These have both been thinned to eight feet apart each way. 
They are nearly allashtrees. The tallest tree in each grove 
isanelm. The grove north of Lansing is ona high divide, 
while the one near Logan is on flat land where it may get 
some extra water. 

_ There are many other places where small groves are 
still kept in good condition. Near Thurman, Mr. Joseph 
Schrock has a row of ash trees near his corrals which measure 
from thirteen to twenty-nine inches in circumference. 
These are planted where the snow piles up around them 
every winter. At the same place, a cottonwood tree grow- 
ing near a water tank is kept in a thrifty condition by the 
waste water. 

One of the most widely known of the groves on high 
prairie is that of Success Kerns who lives three miles north- 
east of Claremont. Intensive cultivation has been practiced, 
and no irrigation. Mr. S. L. Howell, near Vona, has raised 
some nice groves on the’high prairie. 

I have taken records of many other groves, but these 
are the ones that seem most likely to receive continuous 
care. 

Of the trees growing where water is near the surface, 
Cope’s grove, at Cope, on the Arickaree bottom, presents 
the best example. About twenty acres were planted to trees 
there during the years 1887—1890. Cottonwood, boxelder 
and ash are the principal varieties, between five and six 
acres of trees still remaining. The best part of the grove is 
cottonwood trees which grow where water is from two to 
five feet below the surface. Many of these are forty to fifty 
feet high, and some are three feet in circumference. 


TREES—Miscellaneous. 


The best example of how one may use the natural con- 
ditions, as slopes, ravines, and so on, to help trees and crops 
is found at the place of James Howell, who lives seven miles 
northeast of Flagler. The forest trees which are mainly 
black locusts are set in clumps and hedges so as to make a 
dense windbreak. Theorchard is on the right bank of a 
creek which runs southeast. A well at the southeast corner 
of the orchard, supplemented by a small storm-water reser- 
voir at the northwest corner, supplies water for irrigating, in 
a small way, where need is greatest. The ravine has been 
dammed and the extra water conducted past the grove 
through an artificial channel, leaving the old channel dry 
below a pond of water which at times is several feet deep. 
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The sides and bottom of this old creek bed were recently 
planted to fruit trees—mostly cherry trees. On one bank 
stand several plum, cherry and walnut trees which have 
reached the bearing age. Just above each of the trees on the 
bank is a large hole into which water from higher levels may 
flow during rains. The walnut and cherry trees bore good 
crops in 1900. Same apples were seen on the apple trees. 
The grapes, strawberries and currants also showed fair crops. 


FRUIT TREES—WNot Irrigated. 


When the country was first settled, hundreds of orchards 
were set out. Lack of skill, bad nursery stock and drought © 
reduced the number of orchards to one here and there where 
a combination of circumstances kept alive the hope that a 
successful orchard could be produced. 

Many orchards were kept in good condition until 1893 
at which time they were about five years old. The unfavor- 
able conditions of 1893, 1894 and 1895 reduced the number 
of experimenters to a few, who were as stubborn as Colorado 
droughts. One of the best orchards given up in 1894 was 
that of A.C. Willis, three miles north-west of Kanarado. 
For a time, he had the best trees in the county, but dry 
weather and hail damaged his trees so badly that he became 
discouraged. 

The following table gives a summary ofthe present con- 
dition of orchards on uplands, or where it is impossible to 
get sufficient water for irrigation. I include James Howell’s 
place in this because he has made his success by taking ad- 
vantage of natural conditions, just as hundreds of others 
seas do if they would use the same amount of thought and 
abor. 

It is generally conceded that cherries, currants, plums and 
gooseberriescan be produced in moderate quantities without 
irrigation. Apples and peaches are not considered sure al- 
though some have been produced. 


Owner. yee 0. Trees still thrifty. Trees which have pro- 
Nddress duced fruit 
R. F. Davis, Vernon, Apples, peaches, plums, cherries. Apples, peaches, plums, cherries. 


James Slick, 
W.S. Calloway, SPA EN hy Sea cs “ “ “ “ 
Joseph Miller, Us ve ey ae ees es “ 

ee ‘ £ 
Allan Smith, Wray. 2 —-—— plums,cherries, ‘ ——— plums, cherries. 
Wm. M. Barnes, Jaqua, Kan., ; peaches “ “6 “ ‘ “ 
Aye Brigham, ie Me a oy d ‘ a tat} oe i ss 
S.L. Howell, Seibert, Colo., “ vy “ “ a we “ +6 
James Howell. Flagler, ‘ “ “ “ “ “ an “ “ 
P.J. Nicholls, Cope, Ny “ et 23 “ “ 4 “ “ 
W. J. Brooker, Cheyenne Wells, ‘“ “ ws 


The Plains No “ 3s e ohtatae 
BSubseetiont Dp i Apples, plums, cherries. 
J.S. Johnson, % op ve Se “ os £ie mR he “ “ 
J.B. Robertson, ‘** Me — — Apples, ———— plums, - a 
* 


Gooseberries and wild currants generally do well with- 
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outirrigation. I found grapes bearing at Peter J. Nicholls’ 
garden and also at Joseph Schrock’s. Grapes found in bear- 
ing at James Howell’s place had received some extra water. 

Ornamental Plants—We have found roses doing well 
without irrigation at several places. 


IRRIGATED PLACES. 


John Rose, who lives five miles northwest of Seibert, has 
been the most successful with a fruit garden of any one we 
have seen. He began by irrigating only a few trees and a 
few rods of garden. He extended the plat toinclude about 
one fifth of an acre which was watered from one well. The 
water was pumped by wind power from a well eighteen feet 
deep. Later, he dug another well and built a reservoir and 
extended his patch so as to include nearly two acres. We 
attribute his success to his ability to begin on a small scale 
and slowly enlarge as he learned how to handle his water 
economically, and as he found profitable market for his prod- 
ucts. We shall file photographs* of an apple tree anda 
plum tree as they appeared in his orchard in September 1900, 
also a photoof his reservoir. Charles Blake and James H. 
Priest who live in the same neighborhood are making a suc- 
cess of their irrigated fruit gardens also. All raise apples, 
plums, cherries, gooseberries, currants and strawberries. 
Mr. J. C. Cope, at Cope, has a good fruit garden which is 
irrigated from a well. | 

But the most successful irrigation where deep wells are 
used, is that cf Peter Eckert who lives about four miles 
southeast of Thurman. His twowells are each one hundred 
and twelve feet deep. The water is pumped by windmills 
into reservoirs for storage. The pumps run day and night 
to water about two acres and supply water for a large herd 
of cattle. The place is located ona hill. All the ground 
irrigated is nicely terraced so as to use the water to the best 
advantage. One part of the place is laid out for ornamental 
plants and a vegetable garden, another for fruit trees, ex- 
cluding apples, another is the apple orchard, and the other 
is planted to grapevines. Hail and wind has prevented the 
production of much fruit of any kind. Butthe place is well 
kept notwithstanding the fact that it does not give large 
financial returns. The owner loves his trees and vines as he 
does children. He is too feeble to work in the field, so he 
spends nearly all his time with his trees and his garden. 

A few who live around the south fork of the Republican 


* Not suitable for reproduction. 
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or its tributaries, water their trees and gardens from ditches. 
Among the most successful of these are G. B. Kukand Wm. 
P. Baily near Newton, and C. Waline who lives about five 
miles southwest of Jaqua. Mr. Waline uses a storage reser- 
voir in connection with his ditch. He also uses a well to 
help out in times of scarcity. 

Those who are using windmill power to pump water for 
the irrigation of vegetables are too numerous to mention, but 
the really successful plants are few. The main trouble is 
that they usually attempt to do too much—spread over such 
a large area that when crops are most in need of water the 
supply is insufficient. 

I saw one place where a man had built a reservoir and 
planned to irrigate five acres of very sandy land from one 
well. When the supply of water is sufficient we sometimes 
find that insufficient reservoir space is another weak point. 
The wind may refuse to blow during the dryest weather of 
the summer, and when it does blow, the water is often ap- 
plied to the crops just as it comes from the well. This chills. 
the roots and checks growth. 

But the cause of the abandonment of many successful 
small irrigation plants has been the increase of the herd of 
cattle kept to be watered from the same well upon which the 
garden was dependent for its supply. 

Storm Water from the Prairies—Mr. W.V. Erickson, 
who livesthree miles southeast of Burlington, is one of the 
most successful of those who have watered gardens from 
wells. He has planned to catch the storm water from sev- 
eral hundred acres of prairie in a reservoir which he was 
making when I visited him. We shall watch the result of 
his work with interest. Mr. James Howell, near Flagler, 
who was mentioned before in the discussion of trees, has the 
only storm-water reservoir which we saw in operation. His 
main reservoir would be likely to benefit his trees mainly by 


the seepage of water down the old creek bed, thus furnishing 
natural sub-irrigation. 


IRRIGATION DITCHES. 


There are two ditches in the valley of the South fork of 
the Republican river. These were planned to supply water 
to large areas; but they seem to be failures. Smali ditches 
water considerable areas planted to alfalfa near Tuttle, 
Landsman and Newton. A few small private ditches are 
successfully operated on the lower part of the Arickaree. 


One very successful ditch is operated in the valley of the 
North fork of the Republican. ee 
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UPLAND FARMING. 


In every community through which I have traveled, ex- 
cept small areas near Idalia and Vernon, stock raising is 
considered the principal part of farming. Other communi- 
ties are in various stages of transition from grain to stock 
raising. ‘ 

Cheyenne County—All given over to stock raising and 
practically no grain raising attempted. 

Kit Carson County—I divide into districts as follows: 

1. Allsouth of the Rock Island railroad and nearly all 
west of Claremont given over to stock with but little grain 
raising. 

_ 2. Yale, Wallet, Goff, Ashland and Burlington—Stock 
raising is considered first by practically allthesettlers. But 
some plant grain hoping to harvest a crop if the season is 
favorable; but if the season is unfavorable, they expect a 
crop of forage from the grain fields. 

3. Valleys of the Landsman and South fork of the Re- 
publican—Nearly all occupied by stock men before the wave 
of settlement came. Still given up to stock exclusively, ex- 
cept a few places near Seibert where men have obtained a 
foothold and are developing horticulture on a small scale. 
Alfalfa-growing is quite general wherever there is water 
enough for irrigation. 


Eastern Arapahoe Couuty: 

1. Lindon—Given up to stock exclusively. 

2. Thurman—Grain is sown quite extensively. There 
is some threshing done nearly every year. When theseason 
is unfavorable for wheat, it is a good season for Russian 
thistles. The wheat and thistles are cut for hay, and make 
good feed when used together. 

3. Kirk and Fox—On the border line between a stock 
raising district and a grain-growing district. Here we find 
that nearly all are still raising grain; but all are get- 
ting into the’stock raising business as rapidly as their means 
will permit. 

4. Friend, Idalia, Logan, Lansing and Bolton—This 
district is devoted to grain growing. But there is a strong 
sentiment in favor of stock raising exclusively wherever 
large areas are available for free range. 

5. Vernon—This district is devoted to grain growing. 
Some people own cattle which are kept in the sand hills 
during summer and brought in to winter around the straw 
stacks. Many around the edges of this settlement favor 
stock raising exclusively. 
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6. The Sandhills in Eastern Arapahoe—This district is 
devoted to stock grazing exclusively. 

7, The valleys of the Arickaree and the South fork of 
the Republican river are devoted to stock raising exclusively. 

Yuma County—That part of Yuma county lying on the 
divide between the north fork of the Republican and the 
Arickaree belongs with the Vernon neighborhood. The 
valley of the North fork of the Republican is used mainly 
for stock raising. The fields of alfalfa furnish winter feed 
for cattle which are kept in the sandhills on the north of the 
valley. 

CROPS RAISED. 

Sorghum— Generally grown where stock raising is the 
main business. Many cattle men object to it on account of 
the heavy work required to harvest it. Yield from one-half 
to four tons peracre. Average probably one ton per acre. 

Broom Corn—Usually successfully raised. Uncertainty 
of price has prevented extensive planting. 

Milletc—Quite a general favorite among cattle men. 
They claim that it requires less exertion per ton toraise and 
harvest millet than any other cultivated crop. Yield from 
one-fifth to two tons per acre. 

Corvn—Corn is generally planted in small areas in nearly 
all neighborhoods investigated. Many claim that if the 
season is favorable, corn can be raised cheaper than it 
can be -bought, . But “ifthe season) -1ss"untaveraple wd 
crop of fodder will be raised. The average yield is best on 
black, sandy land. Yields as high as fifty bushels per acre 
have been reported. The usual yield is from two to twenty- 
five bushels, while the average for the whole region will not 
exceed ten bushels per acre. 

Oats—Usually considered an uncertain crop. Less pop- 
ular than wheat or millet. Considerable is sown for hay 
in some places. Reported yield per acre from nothing to 
thirty-five bushels. Probably the average is near ten bush- 
els per acre. 

Wheat—The most popular of small grains. Reported 
yields from nothing to forty bushels per acre. The general 
average yield per acre for the region is probably about six 
bushels. Some have reported average yields of eleven 
bushels per acre, including twelve years cropping. From 
observation, I believe the men who produced these crops 
to be far above the average as farmers, and so cut down my 
estimate of the average yield accordingly. 

_. Barley—A crop which is but little grown, as compared 
with wheat. Many consider it the surest grain crop that has 


GROVE OF MILTON MORRIS, NEAR LANSING. 


GROVE OF HUGO KURZIDIM, NEAR LOGAN 
(Tallest tree in each case is an Elm.) 
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been tried. Yields of eighty-three bushels per acre have 
been reported. The average yield is estimated at fifteen 
bushels per acre. The variety planted is mostly “California 
aes barley, and it is used at home for feed almost exclu- 
sively. 

Aye—This crop is but little grown. Not enough found 
upon which to base an estimate. But, in 1899, a crop was 
grown on a field of black sandy soil near Cope which yielded 
seventeen bushels per acre. No rain fell upon this field 
between seeding and harvesting. 

Flax—We have found men near Ashland and Thurman 
who have raised good crops of flax. So few raised it that 
what was raised was not readily sold, so production ceased. 
It has not been generally tried. 

Natzve Hay—The valleys of the North branch ofthe 
Smoky Hill river, the three valleys of the Republican, the 
valley of the Big Sandy, and the Sand hills furnish consider- 
able native hay every year. We made no attempt to make 
a collection of native hay plants this year. Hay is usually 
cut about two years in every five on theuplands. This con- 
sists mainly of several species of grama grass and Colorado 
bluestem (which is known also as bluegrass, elk grass, June 
grass and probably by several other names.) In traveling 
over the county, I noted that Colorado bluestem is taking 
posession of land which has been broken, and abandoned. 
It appears to successfully dispute the right of occupancy with 
the Russian thistle. We have also seen it invading unculti- 
vated timber claims and growing quite rank among the 
trees. | 
Russtan Thtstles—Russian thistles are quite common in 
all the regions studied except in about two townships near 
Idalia and five near Vernon. Wherever the Russian thistle 
has obtained what seems to bea permanent foothold, the 
settlers are using it quite largely for forage. Thousands of 
tons of it are now stacked up for use during the winter. We 
issued a press bulletin concerning “The Russian Thistleas a 
Forage Plant,” in July, 1900. This bulletin was widely 
quoted. 

Salt Weed—( Atriplex, sp?) This plant is found on the 
upper part of the South fork of the Republican as far down 
as Seibert, and in the western half of Cheyenne county. It 
seems to prefer an adobe soil containing considerable alkali. 
The stock that range where it grows do not eat salt, as they 
get enough salt to supply their needs by occasionally taking 
a bite of salt weed. . 

Wm. Lang, who lives near Cheyenne Wells, made hay 
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of “salt weed” several years ago. He reports that his sheep 
did well on it. Last year, a cattle man on the South fork of 
the Republican put up some for hay. He reports good 
results. September 22nd., 1900, I photographed a rick of 
salt weed one hundred and twenty feet long. This was put 
up by Mr. Thos. McCallum who lives ten miles south of 
Arriba. He intends to give it a thorough trial this year. 


SOIL STUDY. 


As I traveled I examined the soil by occasionally boring 
and noting the appearance of the soil and sub-soil. 

A traveler could go from Sheridan Lakein Kiowa county 
to Wray in Yuma county (one hundred and ten miles) and 
think he was traveling over thesame kind of soil all the way, 
except short stretches on each side of the larger streams. 
The whole distance traversed would be on practically the 
same kind of soil which is known locally as “hard land.” It 
has enough clay in it to make a good road bed. This land 
sustains a growth of the short grasses—as buffalo grass and 
grama grass. Along the streams is found a sandy soil 
upon which sage brush is the principal vegetation. : 

This “hard land” is the principal type found on all the 
uplands of the region investigated. Between this upland 
soil and the valleys is usually a strip of sandy soil which may 
be from a few feet to several miles in width. The river 
valleys proper frequently have an “adobe” upon which 
“alkali grass” grows. Usually where “alkali grass’ does not 
grow the soil is too sandy for profitable cultivation. The 
sandy soil is usually considered best for corn, while the “hard 
land” is thought to be best for wheat. 


METHODS OF PLANTING AND CULTURE. 


Corn and Sorghum—The lister drill is generally used for 
planting cornand sorghum. After, planting, the harrow is 
used by many until the. plants. are so high that the harrow 
may break them down if used. Weeders are coming into 
use also. We find many who advocate frequent culture to 
preserve a “dirt mulch” on the top. This is.supposed to 
require stirring the ground after each rain, and occasionally 
during prolongeddroughts. But many, object to doing this 
because it requires too much labor. iat 

_Observations made during this year have confirmed my 
belief in the value of a “dust mulch,” but. 1am also convinced 
that the “dust mulch” may be just as valuable whencovered 
by a light crust such as is formed by a light rain as when no 
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crust is allowed to form. I saw dust blankets on prairie 
where no tool had ever tickled the earth. 

Once, when crossing a sandy stretch of country, I saw 
some fields of corn which were looking healthy, notwith- 
standing the fact that no rain had fallen for several weeks. 
The corn had not been cultivated for at least a month; so I 
examined the soil in the corn. 1 found alight crust, then a 
dust mulch from two to three inches thick and below that, 
moist soil. I then turned to the unbroken prairie and found 
practically the same conditions. I afterwards examined 
dozens of cornfields and found the same conditions wherever 
the cultivation had been thoroughly done, even if it had 
been several weeks since the soil had been stirred. 

Mrllec-—Methods of planting differ widely. Practically 
all seeding is done broadcast. Some plow shallow, some do 
not plow at all, but broadcast the seed and cover with the 
disc harrow afterwards. Results reported to be about the 
same from all methods. 

Small Grazu—It is generally agreed that small grain 
does best when sown on ground which has been cultivated 
the year before in some hoedcrop. The most generally 
used method is to broadcast the seed on unprepared land 
(not plowed or disced but the sod broken, of course) and 
cover with disc harrow or cultivator. Some use disc press 
drills and some use the other kind of drills. Thereare men 
who hold to each of the methods. 

Some claim that they have: always harvested heavy 
crops when enough rain fell at the right time, no matter how 
the grain was put in; and that they never got anything when 
the season was against them no matter what method they 
had used. 

Pests—The two pests which do the most damage to crops 
in the region investigated are potato beetles (JZelozdae) 
and grasshoppers. There are few years when the settlers 
could not raise enough potatoes to supply the local markets 
if the crop could be protected from the potato beetles and 
grasshoppers. 

In 1896, one man had to move his cattle to another 
range on account of the ravages of a variety of grasshopper 
which ate grass exclusively. This year I saw many fields of 
grain which were badly damaged by grasshoppers. They 
reduced the yield harvested, by cutting the heads off 
the wheat: and oats before the grain was ripe enough to 
es . CONCLUDING OBSERVATIONS. | ; 


- Natural conditions seem to have fitted this region for a 
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grazing country, but the hardships encountered by people 
in gaining a living in the crowded eastern states have pushed 
people into what the cow-man once thought his exclusive 
domain. After settlers got in, many found that, hard as 
conditions were on the plains, they could do better here than 
they could with the same capital in any other place with 
which they were acquainted. These men have built them- 
selves homes, and, in a measure, made the nomadic life of 
the old-time cow-boy an impossibility in the future. 

Nearly all the settlers have been compelled to turn their 
attention to stock raising, on account of crop failures during 
some years and low prices other years. The main drawback 
to grain raising in the region near Idalia is the distance from 
market. All wheat raised onthat divide must be hauled in 
wagons from thirty to forty miles. Considering these factors, 
almost any business farmer would decide to raise crops 
which could walk to market, or crops which could be con- 
densed. And nearly all who live there believe in doing this, 
even if they do not practice it. 

At present, on account of the demand for beef cattle and 
the confining work connected with dairying, only a small 
amount of butter is produced. But when the price of cattle 
goes down again the same natural business law which has 
forced people to go into cattle raising will compel them to 
turn their attention to the production of butter and cheese. 
Free range, cheap rough feed and inexpensive warm stables 
will help them to make winter dairying profitable. When 
they get to this, all products will be sent to market in con- 
densed form, and the importance of the problem of trans- 
portation will be reduced. The country can then support 
sufficient population to supply good schools for the children. 
Each family can have a small garden, a few fruit trees and 
some small fruit for home use. These can be irrigated from 
a well. Natural conditions, such as are used by Mr. James 
Howell, will probably be taken advantage of more freely 
than at present. People who are either unwilling or unable 
to adapt themselves to the new conditions will move away, 
and their places will be taken by others who are better 
adapted to the conditions. 

The valleys of the Big Sandy, the South fork of the 
Republican and the Arickaree may someday support quite a 
population. Much of the land near these streams is too 
sandy for profitable farming. But, if those streams were 
turned out of their courses and the water taken out into the 
uplands, and the storm water stored in reservoirs, large 
bodies of good land might be irrigated and hundreds of 
homes maintained in what is now merely a cattle pasture. 
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A VARIETY TEST AND GENERAL REMARKS 
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CARL H. POYTER. 


GENERAL REMARKS. 


It is not the intention in issuing the present bulletin to 
go deeply into a consideration of the culture and general 
management of bush-fruit plantations. This information 
comes to the practical growers from many sources. 

Good and abundant cultivation and irrigation is of 

prime importance. A naturally cool and somewhat moist 
soil is desirable, and in the hotter portions of the State a 
partial shade is often necessary. This shade is sometimes 
obtained by planting the bushes near shade trees, or even 
in orchards, but this latter practice is not always looked 
upon with favor by our best orchardists. Again, simple 
mulching is used. 
. The rows should be placed at a liberal distance apart 
and the hills should not be crowded in the rows. A few 
good, vigorous shoots should be grown, thus better to resist 
the ravages of the increasing number of our insect and 
disease enemies. 

Prof. Gillette,in Bulletin No. 47 of this station, names 
five or six insect enemies which are injurious to our bush 
fruits. Of these, perhaps the worst two are the currant- 
borer, Sesta ¢ipulzformzs, and the saw-fly, Przstophora grossu- 
lavie. The former is easily removed and destroyed by the 
usual annual pruning, thinning and burning of the old canes. 
The larve of the saw-fly are easily destroyed by the com- 
mon arsenical sprays. 

The ravages of the fruit-worm will be spoken of in con- 
nection with the fruits injured. 

Diseases of the plants have but recently become of 
economic importance on our grounds. They will furnish 
material for future study and publication. 

Our present plantations of bush fruits contain about 
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seventy varieties. A few varieties disappeared from the 
test-plats during the last three years, other varieties planted 
failed to become established, and still others were planted 
only last spring. . 

The older plantation was set in 1896. Other plants and 
other varieties were added in 1897 and in 1898, and a new 
plantation set in 1900. In so far as the blackberries and 
raspberries are concerned, these latter years enter compar- 
atively little into the description or tests of plants or fruit 
which follow. The season of 1898 was so extremely dry 
that the water for irrigation purposes was entirely inade- 
quate to the development of either fruit or vine. 

This season of drought was followed by the extremely 
early and severe winter of 1898-9 which prevented the 
proper covering of the vines, resulting in the complete kill- 
ing to the ground of all the raspberry and blackberry canes, 
thus preventing a crop in 1899. 

The canes of all the raspberry and blackberry vines 
were pinched back when about 18 inches in height, the 
result being a fine growth of well-matured stocky canes. 
They were laid down by removing the earth from under- 
neath one side of the hill and forcing the tops in that 
direction with a fork, then covering to a depth of about 3 
inches with earth. By a yearly practice of this method the 
roots extend laterally and are but little injured in the pro- 
cess of laying down, while the canes, though stiff and stout, 
are but little bent and are therefore uninjured. 

Winter protection is the only safe course to follow in 
this section of the state. 


GOOSEBERRIES--Ribes. 


Even some of the currants and gooseberries suffered 
more or less severely by the extreme winter of 1898-9. A 
record of this injury follows in the notes on the individual 
varieties. 

The gooseberry plantation consisted of six varieties, 
one of which, Industry, is now extinct. As there has been 
such a great difference in the age and vigor of the several 
varieties, it is thought best for the present not to append. 
figures giving the comparative yields. 

_ Three varieties new to the plantation were added last 
spring. 

The gooseberry crop of 1900 was, from a commercial 
standpoint, almost totally destroyed by the ravages of the 
fruit worm, known to science as “pochro. Canadensis: The 
“worms” are the larva of a two-winged fly which deposits 
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its eggs underneath the skin of the fruit while the latter is 

still quite immature. Within the fruit, where they are quite 

safe from insecticides of all kinds, the larve grow to 

maturity. The fruit becomes worthless. The only known 

remedy is to destroy the fruit while it still contains the larve. 
Following are the varieties tested: 


Downing—Rivbes cynosbati. 


Some old bushes were reset in 1896 and some young ones in 1898. The 
bushes are upright in growth with stiff stocky branches, spines stout and 
prominent, berries medium to large with a conic, dark green apex, and cov- 
ered with a heavy glaucous coat. Yield good, The variety was very severely 
killed back by the cold winter. All the hills, cld and young, are looking 
remarkably vigorous now. 


Houghton—R. hirtellunt. 


Of this variety some old bushes were reset in 1896, to which were added 
new bushes from the nursery the same year. 

The variety is a vigorous grower with long, slender, spreading branches, 
spines slender, berries small to medium, surface giaucous, obconie. form, 
deep green color, very sour, yield very good—fully a week later than the 
other varieties in the plat. . : 

The old canes are fairly stocky aud well loaded with fruit buds, but the 
variety is not nearly so strong and vigorous a grower as is Oregon Champion. 
Very little injured by the co'd winter. 


Industry—R. grossularia. 


Young plants of this variety were set in 1896, to which were added 
some old bushes reset the same spring. The variety is of European origin. 
The leaves are dark green, leathery, with a lustrous Surface. The thorns 
are short and stout and frequently there is but one at the base of each leaf- 
stalk instead of the usual cluster of two or three. The berries are large, oval, 
veins conspicuous, with a considerable number of bristles on the surface. 
The variety entirely succumbed to the mild winters of ’96-7 and ’97.8. 


Oregon Champion—R. grossularia. 


New plants of this variety were set in 1896. The variety is of spread-~. 
ing habit with rather large, stiff and stocky branches. The leaves are some- 
what more glaucous and darker green than are the leaves of other varieties. 
The berry is large, oval, with a glaucous surface. The variety was appar- 
ently very little injured by the excessively cold winter of 799 and bore an 
excellent crop of fruit the next season. It is'a most desirable variety on 
account of the vigor of the plants and the yield of fruit, 


Pearl—R. grossularia. 


Young plants of this variety were set in the plat in 1897. They madea 
rood healthy growth during that and the following season. The winter of 
1899 killed the canes to the ground and they were cut out. The growth the 
past two seasons consists of many vigorous and well branched canes, 


Smith’s Improved—R. grossularia. 

Old bushes of this variety were reset in 1896. The variety is fairly vig- 
orous and was not entirely killed back by the winter of 1899. It was Severely 
pruned and made a fair growth during the past two seasons. Berries very 
large—largest on the grounds— quality good to excellent; long, oval form, 
Transluce.it, with conspicuous lighter-colored veins. 
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CURRANTS— Robes: 


The station plantation of currants consists of eighteeti 
varieties, fifteen of which belong to the species rubrum, one 
Dubett Tree being Azbes aurzum and two Rzbes nigrum. The 
latter with four varieties of rabvum were set only last spring. 

The red sorts are for the most part very similar, it be- 
ing quite difficult to distinguish between them either by 
their fruit or the character of the plants. Where old bunchy 
varieties were set along with those trained to more of a 
tree form, the latter invariably produced larger fruit, but 
not so large a yield. The more abundant the fruit, the 
smaller the berries. The crop of fruit was, commercially 
speaking, a complete failure the past season owing to the 
ravages of the insect mentioned in connection with goose- 
berries. Much of the fruit fell before time for picking. Of 
that which remained on the bushes till the sound fruit was 
mature, from 25 to 60 per cent was stung and contained the 
larve of the fly. Nosuch extensive damage appears on our 
previous records. Some plantations in this vicinity were 
comparatively uninjured. 

The varieties of currants tested on the station grounds 
follow in alphabetical order: 


Albert Prince. 


This variety is but slightly represented in the Station plat. It is con- 
siderably lacking in vigor and has been kept closely pruned for propagation 
purposes, The berries are of good size, white, and sweet. 


Cherry. 


Both old and young plants were included in the 1896 plat, to which 
were added young plants in 1898. This red variety produced the largest 
berries of any variety on the grounds in 1896, and a good yield withal. Some 
of the berries measured 9-16 inches in diameter. ‘he stems or branches are 
a little stronger than Fay, but not nearly so strong as Red Dutch or 
Victoria. 


Dubett Tree—Ribes aurium. 


One plant of this variety was set in the plat in 1897. It has madea vig- 
orous growth, quite uprigbt in character. Although the wood appears to 
ripen well, yet the leaves near the tips remain quite fresh and green till mid- 
winter or later The variety is being propagated by cuttings and the num- 
ber of plants will be increased in the near future. 

S» far the fruit produced has been quite insignificant. 


Fay. 


Both old and young plants of this variety were set in 1896. The variety 
is not nearly so strong and vigorous as either Victoria or Red Dutch. It 
produces a great many new canes of spreading and unkempt habit. The 
injury from the winter of ’99 was considerable. Berries red, medium to 
large Yield fair to good. 

The variety requires extra care to ‘ustify the recommendations so fre- 
quently given it, : 
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Holland—Long Buneh. 


This old sort was not introduced to our plantation till 1897, and then 
by very few plants, which have since been very closely pruned for propaga- 
tion purposes. The plants are fairly vigorous, berries of good size, white, 
and sweet. 


North Star. 


A few old plants were se! in 1896, followed by young plants in 1897 and 
in 1898. This variety was somewhat injured by the winter of ’99. It is 
strong and stocky, but not nearly so much soas is Raby Castle or Victoria. 
It is much like Red Dutch in size and bearing propensities but is later in 
ripening. 


Pomona. 


But a few plants of this variety were set in the Station plat in 1897 and 
these have been closely pruned for propagation purposes. 

The variety seems to be below the standard for vigor and was very 
severely ki'led back by the cold winter. It is a red variety. 


Raby Castle. 


Old plants of this variety were set in the Station plat in 1896 and yo:ng 
p'ants in 1898. It is considered by Prof. Card in his handbook on ‘‘Bush 
Fruits” of ‘‘The Rural Science Series” to be identical with Victoria. On our 
ground the two have every appearance of being one and the same variety. 


Red Dutch. 


Both old and young plants of this variety were set in 1896. It isan old 
standard sort and one of the best as to bearing propensities, but the fruits 
are smaller than are the fruits of the more recently introduced varieties. 
While this variety endures neglect well, yet with good culture and pruning 
the berries are medium to large in size. It is much like Victoria, but taller 
and more slender, producing new shoots in abundance. It was apparently 
uninjured by the recent cold winter. 


Versaillaise. 

Both old and young plants of this variety were set in 1896. It is 
nearly as vigorous a grower as Red Dutch, but there are many more shoots 
which are quite unkempt in habit—much like Fay in this respect, but not so 
exaggerated. Injury by winter of ’99 very slight. Berries are large, spher- ~ 
ical, red, rather more acid than our other varieties. 


Victoria. 

This is the champion variety of the plantation. Set in 1896. Although 
producing no more fruit than some of the other sorts, it is very strong, vig- 
orous, upright in character and its freedom from the production of many 
shoots render ita very desirable variety. ‘The fruits are of medium size, red, 
mildly acid—remuining fora long time on the bushes. 


White (rape. 

This excellent white varietv was reset and new plants added in 1896. 
The bushes are a little shorter and more stocky than Versaillaise with not 
quite so many shoots. Stems are somewhat inclined to be prostrate. Appar- 
ently uninjured by the cold winters. Berries are large, of a translucent 
yellowish white color, growing in long bunches, but sweeter than most red 


sorts—a good bearer. ; 
Probably the best white currant on the market at the preseut time. 


RASPBERRIES—Rubus. 


Partial reports upon twenty-three varieties of raspber- 
ries follow. It is to be regretted that the record of fruiting 
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is not more complete; but, as stated under the general head 
“Bush Fruits,’ this lack of data is principally due to the 
unusual climatic conditions of 1898 and 1899. Following an 
extremely wet April, the season of 1900 was unusually hot 
and dry. 

While authorities differ greatly concerning the proper 
position or location of our various cultivated varieties of 
raspberries and blackberries within the genus /Azdws, yet 
probably the great majority accept the classification given 
by the American Pomological Society. According to this, 
raspberries are divided into four species, the European red | 
varieties being Rubus zdeus, the American reds RX. strvzgosus, 
the black-caps #. occtdentalis, and the purple canes which 
are considered to be hybrid between RX. stvzgosus and R. occz- 
dentalts with all degrees of tendency toward either parent, 
are classified as 2. zeglectus. The purple canes, as a class, 
are propagated by the tips, and very little, if any, by suckers. 


Brandywine—R. strigosus. 


This old red variety was not introduced to the Station grounds till 1898, 
consequently there ate no adequate notes upon the fruit. The plant is stocky 
with large reddish colored canes which sucker freely. 


Carman—R. occidentalis. 


This excellent black-cap variety was set in the present plat in 1896. It 
is an extra early variety. Plants not large, but sufficiently robust. Berries 
medium size, mild flavor, juicy—in full bearing the latter half of July, ~ 

First ripe, July 3; last picking, August 2; full pickings, July 12-19. 


Columbian—R. neglectus. ° 


This is considered to be one of the leading varieties of the purple canes, 
being very much like the Shaffer in appearance—a very strong and vigorous 
grower. It is said to be a very prolific bearer, the fruit being a little later ~ 
and larger than Shaffer, 


Cuthbert—R. strigosus. 


This old standby of the American red type has not yet been excelled 
on our grounds, although growing alongside the Marlboro. ‘The plants in 
a part of one row of Cuthbert were carefully removed and Marlboro set in- 
stead, but the latter have been nearly exterminated by Cuthbert plants com- 
ing from old underground canes. Cuthbert leaves are narrower than are 
those of Turner, the latter being especially broad and showing much more 
color upon the upper surface while young than do Cuthbert leaves. Cuth- 
bert canes have a considerable number of small prickles. Berries are large, 
dark crimson, broad, conic, grains small and compact. The flesh is good 
quality, firm, standing up well when picked in quart boxes. First picking, 
July 10; last, August 23; full picking, July 19 to August 5, 


Golden Queén—R. strigosus. 


_ This is considered to be simply a sport of Cuthbert, differing from it 
principally in the yellow color of its fruit. 


Gregg—R. occidentalis. 


This has long been the standard black-cap, Although perhaps a little 
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slower in attaining to fall development than some other varieties, the plants 
are very large and vigorous, giving an excellent yield. ‘The leaflets are 
especially broad. Berries are large, roundish, oblate with a decided oray 
bloom; firm, juiey and of very good flavor. The variety is late in ripening, 
giving the first picking at the Station about July 21, : : 


Hansell - R. strigosus. 


_ This, at one time popular American red variety, was not introduced to 
the Station grounds till 1898, consequently there is scant data as to its fruit- 
ing qualities. 


Hilborn—R. occidentaiis. 


; This black-cap is quite popular in Ohio and Ontario, but with us it has 
not done well as vet, although the fruit is near medium size and quite sweet 
and juicy. First ripe, July 21; last, August 2. 


Kansas--R. occidentalis. 


This variety seems to be the closest rival to the Gregg upon our 
grounds, although in time of ripening it more nearly coincides with the Car- 
man. The plants are of rapid, vigurous growth, berries similar to Gregg, 
fully as large, ripening a week earlier; juicy, excellent flavor, quite firm; 
yield good. 

First picking, July 10; last, August 2; heaviest, July 19. 


Loudon—R. strigosus. Z 


This popular Wisconsin berry was originated at Janesville, being a 
cross between Turner and Cuthbert, It has not yet fruited on our grounds. 


Marlboro —?. strigosus. 


It is probable that this extremely popular red variety contains an 
admixture of European or Ideeus “blood.’? By some authorities it is classi- 
fied asa hybrid between the two species. 

This variety has done rather better in neighboring grounds than on 
the station plat. It isa vigorous and productive early market variety and a 
thoroughly good all-purpose berry. 


Mills—2#. occidentalis. 


This black-cap variety was set in the Station plat in 1898 and has not 
yet been fruited. The variety is thought to be a cross between Gregg and 
Tyler. ; 


Miller—R&. strigosus. 


Set in Station plat in 1898; not yet fruited The variety is of the 
Brandy wine type, but said to be considerably earlier. 


Mohler—R. occidentalis. 

This promising black-cap variety was set in the Station plat in 1898 
and has not yet fruited. It is claimed fo be a seedling of the Kureka, 
although considered by Prof. Green, of the Ohio Experiment Station, to be 
practically, if not actually, identical with that variety. It is certainly 
deserving of trial. 


Ohio—R. occidentalis. 


Introduced to Station grounds in 1898; not yet fruited. An established 
early variety in many sections. Much used for drying and for shipping fresh. 


Palmer—R. occidentalis. 

Introduced to Station grounds in 1898; not yet fruited. This variety 
originated in Ohio and has been reported favorably from many sections in 
the West, and seems to be well worthy of trial here. 
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Pennock—R. occidentalis. 


A black-cap of medium slender habit originated by Mr. Chas. E. Pen- 
nock, of Bellvue, Colo. The plant is a good, healthy grower, but has not 
yet fruited on our grounds. 


Royal Church—R. strigosus. 


While classified as an American red, it is quite possible that this 
variety is a hybrid and should be placed with the Rubus neglectus group. 

It is a very large and vigorous variety with purple canes, although 
producing suckers quite freely. Berries are very large, dark crimson, excel- 
lent quality, medium firm, stand up well in quart boxes, but are inclined to 
crumble. It produced the heaviest yield of any variety on our ground 
in 1897. 

First picking, July 21; heaviest, July 31; last, August 28. 


Shaffer—R. neglectus. 


This is an extremely vigorous variety of the purple cane group, of which 
itis the type. While propagating by root tips, the bushes and also the ber- 
ries resemble the red raspberries more than they do the black, although the 
berries grow in clusters much like the black-caps. The berry is large, dark 
red or purple, moderately firm, nearly as good quality as the reds and 
richer. It is an excellent variety, but is used more for drying and for can- 
ning than for using in a fresh state. : 

This variety is difficult to lay down unless it is trained to the operation 
from the first year. 


Strawberry-Raspberry, or Rose-Leafed Raspberry—R, rosefolius. 


This variety is merely a horticultural novelty in this country. The 
species is found growing wild in Japan and Eastern Asia. It is of no value 
except as an ornamental plant and has not endured on our grounds even 
with winter protection. The summer heat seemed too intense for it. 


Thompson—R. strigosus. 
One of the American reds. Introduced to Station grounds in 1898. 
Not yet fruited. 


Turner—R. strigosus. 


This is a very vigorous, almost thornless variety, which was very popu- 
lar for many years. The principal objection is that the berries are rather 
soft. Berries large, dark red, medium to large, of good quality and yield. 
The yield is very steady for the first three weeks, the picking season with us 
being July 10 to August 11. 

An excellent variety for home use. 


Japanese Wineberry RP. pheenicolasius. 


Set in the Station plat in 1898; failed to fruit; died 1899. It is doing 
fairly well on some grounds in this section, but is of no commercial value. 
It is a vigorous, semi-trailing bush of handsome appearance, but so far as 
fruit is concerned will be of interest only to those who are interested in hor- 
ticultural novelties. ‘The species is found growing wild in Central and 
Northern Japan and has long been grown in this country as an ornamental. 
Tt was not boomed as a fruit plant till 1889-90. 


BLACKBERRIES AND DEWBERRIES~—Rubus. 


But four types of blackberries enter into consideration 
in this section, viz: 1, the Long Cluster; 2, the Short Clus- 
ter; 3, the Loose Cluster, which are thought to be hybrids 
between the first two and the common Dewberries of the 
Eastern states; 4, Northern Dewberries. The tendency 
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among the best growers of this section at the present time 
seems to be toward the 3rd class, which are more slender 
and flexible than the high bush varieties, but which, never- 
theless, with proper pruning, hold their fruit well off the 
ground. Allof this class that have been grown on our 
grounds seem to propagate quite freely by suckers and not 
by root-tips as is characteristic of Dewberries. . 
The common high bush berries are classified botani- 
cally as Rubus vellosus, and Dewberries as Rubus canadensis. 
Most of the slender-caned loose-cluster varieties being 
evidently hybrids, are classified as Rubus vzllosus x canadensts? 
Our old plantation was located on a hot and dry south- 
west slope, a very improper location, especially in connec- 
tion with the fact that our supply of water usually fails 
about the time it is needed for the maturity of the fruit. 
As a result of these conditions the old plantation has been 
practically uprooted and a new one in a different location 
established. Many varieties new to the grounds, as well as 
all of the old ones, were set in this new plat, the rows of 
blackberries alternating with rows of black raspberries. 


Agawam— R. villosus. 


This variety isa representative of the short clustered group. It was in- 
troduced to the Station grounds in 1896, but has not yet borne fruit of conse- 
quence. We had an excellent stand of good thrifty plants. The, variety is 
very popular in many sections; early in season and fruit of excellent quality. 


Ancient Briton—R. villosus. 

This variety is of the long cluster type. It was imported from England 
into Wisconsin somewhat over forty years ago, where it received its name 
and afterwards became very popular. It was introduced to our grounds in 
1896, where it has obtained a good foothold, but has not yet fruited to any 
extent. 


Dallas—R. villosus x canadensts (?). 

This blackberry closely resembles the dewberries and is probably 
either the native Texan dewberry or a hybrid closely resembling the dewber- 
ries. The vines are much more upright thanare those of the Lucretia or the 
Mayes Dewberry. ‘he variety has made a good growth on our grounds, but 
has not yet fruited to any extent. ; 


Eldorado—R. villosus. 

This variety of the long cluster type originated in Ohio some time 
prior to 1882. The plants have made a good growth on our grounds, but 
have not yet fruited. 


Erie—R. véllosus. 
This is a variety of the short cluster type originating in Ohio in 1876. 

The plants are thrifty, lighter green in color than our other varieties, pro- 

duing a fair yield of fruit. Ripens mid-season, fruit large, short-oval, good 

quality. 

Mayes—R. canadensis. 


Although originating in Texas, this dewberry is of the Northern type. 
It has also been sent out under the name of Austin’s Improved and reached 
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our grounds under that name, but these plants-failed to become established. 
The variety propagates by tips and by root cuttings. With us the plants are 
quite strong and vigorous and appear promising. ‘hey-have not yet fruited, 
probably because of inclement seasons 


. 


Ohmer—R. villosus. 


A vaviety of the long cluster type originated by Mr. Nick Ohmer of 
Ohio Our plantsare vigorous and produced a good yield in 1897. It is mid- 
season to late; berries large and of good quality. 


Rathburn—. villosus x canadensis. 


This belongs to the loose cluster group and is supposed to be a hybrid, 
though it is quite upright in habit and is propagated by suckers. ‘The plants 
introduced to our grounds in 1898 have not done well and have not yet 
fruited. Mr. Pennock, a local nurseryman and fruitgrower considers this 
variety by far the best of any of the many he has tested on his grounds. 


Snyder--R. villosus. 


This old and best known variety is of the short cluster type. It makes - 
a large vigorous growth with us but has not yet fruited. 


Stone Hardy—R. wllesus. 


This is a variety of the short cluster type originating in Illinois. The 
most enchanting sight that the writer ever saw in the blackberry line was 
this variety growing at Madison, Wisconsin, so marvelously loaded with 
fruit that the large and luscious berries could be literally gathered by the 
handful. How it may succeed here with sufficient water for irrigation is 
yet uncertain, although the plants have done well. 


Wilson Early—R. villosus x canadensis. 


This variety of the loose cluster type and of hybrid origin was diseov- 
ered in New Jersey in 1854. It is propagated both by root-tips and by 
suckers. It is a popular variety in New Jersey, demanding close pruning to 
prevent over-bearing. With us the plants have done well, giving us the 
best yield of any variety in 1897 and being about the only one to bear per- 
fect fruit the past season. ; 


Wilson Jr.—R. villosus x canadensis. 


This variety, originated by Wm. Parry in 1875, is said for all practical 
purposes to be identical with its parent, Wilson Karly. On our grounds 
they appear to be quite similar, but the “Jr.’”’ does not equal the “Barly” in 
endurance of heatand drought. 
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Bromus Inermis. 


FP, L. WATROUS. 


Referring to this grass, Press Bulletin No. 47, Kansas Agri- 
cultural Experiment Station, makes the following statements: 
“Awnless brome grass or Hungarian brome grass (Bromus inermis) 
is a native of the dry, sandy regions of Europe and Western Asia. 
It is a perennial, about the size and somewhat the general appear- 
ance of Meadow fescue or English blue grass. It spreads by 
creeping underground stems or rootstocks. It has been tested by 
many of the experiment stations, from Canada and North Carolina 
to Mississippi and California. All recommended it highly for dry, 
sterile, light or sandy soil.” 

So far as known Bromus inermis was first grown in Colorado 
at the Arkansas Valley Substation in the year 1892. Out of many 
different varieties, it alone gave sufficient promise to encourage a 
second trial. In 1894 the home Station at Fort Collins began 
investigations as to its value, since which time several sowings have 
been made in a variety of soils and under widely dissimilar condi- 
tions. The grass has been grown on heavy clay with scant irriga- 
tion, on the same soil with an ample supply of water, on light soil, 
above irrigation and on heavy soil, approaching “gumbo,” with and 
without artificial watering. Under all these conditions the grass 
has succeeded to the extent that a thick, heavy sod has been 
formed, producing an abundance of forage of rather coarse quality, 
but readily eaten by horses, sheep and cattle. It has never 
produced hay in sufficient amount to be considered valuable for 
that purpose, but sown with alfalfa it promises to be of value for 
horses. In quality it is believed to be equal to orchard grass, or 
possibly as good as timothy. It is, of course, inferior to Colorado 
blue stem or buffalo grass, but where successful it will’make up in 
quantity what it lacks in quality in comparison with these two 
grasses. 

Brome grass produces a very heavy sod, which it is extremely 
difficult to plow when well set. The ground, toa depth of six or 
eight inches, will be completely filled with a mass of matted, fine 
roots, so that the sod will be turned over in solid slices, and 
remaining of so tough a texture that an excessive amount of 
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preparatory cultivation is required in order to get in suitable con- 
dition to receive any other crop. The disk harrow is the only 
implement known which will finally subdue this sod. As to the 
effect on soil fertility, nothing definite is known, although a fair 
crop of flax was grown upon a plot of this sod ground the past 
season. 


In Colorado Bromus inermis is specifically a pasture grass, and 
it may be truly said it is the only tame grass.yet discovered which 
can, with any degree of success, take the place of the departing 
pasture grasses of the plains. The closest pasturing and severe 
tramping have had no effect in destroying the sod. After having 
been gnawed tight to the ground by sheep, it shows growth within - 
a week after stock is removed, even in late fall when nights are 
frosty. In the spring brome grass affords pasture from two to three 
weeks earlier than any other grass known to this locality. 


Many complaints are heard from various localities respecting 
the worthlessness of seed, all of which, thus far, has been imported 
from Europe. The Kansas Experiment Station reports that about 
ninety per cent. of this seed fails to grow. Experience at this 
Station last season seemed to verify this statement, though it is too 
early as yet to speak with precision in the matter, from the fact 
that brome grass comes up very much thicker the spring after 
sowing than would have been expected from its appearance in the 
fall. Whether this is due to some of the seed lying dormant, or to 
an extension of the root system at some time between fall and 
spring, has not been ascertained. The fact has been noted else- 
where, and thoroughly proven here, that it is best not to be 
discouraged over a seeming light stand the first season, but wait until 
the grass has a chance to show up the following spring before plow- 
ing it up or adopting any radical measures. 


For spring sowing, brome grass should be sown early in this 
country if it is to be grown without irrigation. With irrigation it 
may be handled successfully by sowing at any time during the 
growing season. It requires a clean, well pulverized seed bed, such 
as wheat would thrive in, and should be covered from one to two 
inches in depth. Owing to the light, chaffy nature of the seed, we 
have been unable as yet to sow it evenly in an ordinary drill, 
though this would be the ideal way. It has been sown broadcast 
by hand and harrowed in. The condition of the soil is of more 
importance than the manner of sowing. 


It would not be safe to recommend this grass for indiscrimi- 
nate sowing. Farmers having portions of land above irrigation, or 
desiring permanent pasture on almost any kind of land that is not 
positively wet or boggy, would be justified in trying an acre or two. 
Sow fifteen to twenty pounds per acre, If successful, it produces a 
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good quantity of seed the second year, after which the sowing may 
be extended with small expense. 


The grass has done well and is very useful here. There seems 
no reason why it should not do well elsewhere. 


TESTS ON THE GROUNDS OF THE AGRICULTURAL COLLEGE. 


On May 17th, 1894, two plats of land comprising one and a fourth acres were 
sown at the rate of 16 pounds to the acre. This soil was a sandy, clay loam of 
such a composition as to have been, in its natural state, practically sterile. Ow- 
ing to its location being such as to render it very difficult to irrigate, it hadi been 
allowed to remain untilled. The land was broken up and gotten in as good con- 
dition as possible by aid of disk harrow and roller and the seed covered in fairly 
good shape. It was irrigated once the first season and made a very poor stand, 
thickening a little the following spring, and finally at the end of four seasons, 
made a complete stand, since then producing an abundance of foliage or pasture, 
but was never allowed to head until the past season, when it produced fifteen 
bushels of seed. 

Another acre was sown on Mav 25th, 1896, on heavy clay soil and was treated 
as to irrigation in exactly the same manner as contiguous plats of alfalfa. This 
plat made an excellent stand from the first and made and produced a crop of 
seed the second season. 

April 9th, 1897, a pasture mixture, composed of barley, rye, oats, sandwicke 
and brome grass was sown on a small plat of ground for sheep pasture. When 
sheep were removed, bromus was the only crop to recover. Adjoining this plat, 
the following spring Bromus inermis was sown on about one acre of ground. It 
was endeavored to sow the seed with an ordinary grain drill. Various substan- 
ces, as bran and dry soil, were mixed with the brome grass seed to give it sufficient 
weight to feed through the drill. It was found to be impracticable and the drill 
was discarded. After sowing, furrows were made about this plat so that one- 
fourth of the plat would not be watered when the rest was irrigated. The stand 
on this part was never quite so good as on the balance of the plat, though it was 
so good that a casual observer would not notice the difference. This lot has been 
pastured for three years with sheep. As there was always more sheep than the 
pasture would support, the grass was eaten close to the ground several times each 
year, i. e., when it was eatén so close that there seemed to be nothing left, the 
sheep were removed and when water was to be had it was turned on this pasture 
plat. In every instance the grass came up quickly and when a few inches high 
sheep were turned on again. 

‘This same season another acre plat was sown for pasture. This soil was very 
heavy clay, probably as near an approach to regular “gumbo” as could be readily 
found in this vicinity. An excessive amount of work was necessary in order to 
get this land in shape for seeding. This however was accomplished and an ex- 
cellent stand was the result. It was irrigated the first two seasons, 

The first season after sowing, the grass having a good start in May, six ewes 
and their half grown lambs were turned on for pasture. It supported this num- 
ber for about six weeks, when the grass being eaten down very close, the sheep 
were kept off and fed for a couple of weeks, in which time the grass recuperated 
and the sheep were turned on again. This plan was repeated twice more during 
the season, and in October the ground seemed as bare and nearly as hard as an 
ordinary road bed. The following spring, however, the brome grass made its ap- 
pearance in March and with the same treatment each year is still thriving and 
furnishing as much pasture, to all appearance, as at first. 

May first, 1899, two acres adjoining the above plat were sown. The ground 
had been covered during the winter with a very thick coat of coarse manure, so 
thick was it in fact that owing to the gumbo quality of the land and its persistent 
sticking to the plow, only about half the manure wascovered up, the rest sticking 
out and producing a very unfavorable condition of seed bed. The seed was sown 
however, and covered as well as might be. This land became very dry and it 
was not thought possible that any of the seed could germinate. After all the 
other crops on the farm had been irrigated there came an opportunity to run the 
water on this piece, which was done. At the end of that season a few spears of 
brome grass were visible, but they were so few that it was thought the plet was 
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an entire failure. Upon examination early in the following April however, so 
much improvement was noted that it was thought best to let the land alone, at 
least for one season, and note the result. By June first there was almost a com- 
plete stand of grass, so that sheep were pastured there the balance of the season 
till October, when the sheep being removed, the grass started up again during 
the warm days and frosty nights of October and November, showing a thicker 
stand than could be seen in the middle of summer. 

Late in May of 1900, about 14 acres of raw, unproductive land was sown to 
brome grass at the rate of about 15 pounds to the acre. Considering tho quality 
of the land, the lateness of the season, and the pressure of other work, this under- 
taking was very ill advised, and would seem to have promised nothing but failure 
from the first. However about half a stand was secured over a good portion of 
the land, and the coming spring will show what may be expected of this grass 
under the very, worst conditions. 

In the spring of 1898 an experiment was tried on a neighboring farm, of sow- 
ing bromus on a high knoll, above reach of irrigation. This soil was a good 
quality of sandy loam, and having never been irrigated is better calculated to re- 
ceive and hold falling moisture than would soil which had been irrigated. A 
fairly good stand was secured here and it has gradually thickened since, produ- 
cing good pasture, and bas been particularly noticed each spring as producing 
green pasturage at least two weeks before alfalfa or any other grass. 

April 9th, 1898, in a small field thickly sown with alfalfa, a strip 8 feet wide 
the length of the field was sown with Bromus inermis seed. Under ordinary 
treatment for alfalfa, this strip grew well, was cut three times each year and is 
still engaged in a struggle for supremecy with the king of the Colorado field. As 
both were thickly sown, neither crop is at its best, which would indicate that 
thinner sowing would be advisable where both are sown together. 


Trials at the Arkansas Valley Substation. 


H. H. GRIFFIN, Superintendent. 


April 22, 1892, a plat 145 feet long, 67 feet wide, was sown to 
seed of Bromus wnermis. An excellent stand was secured, and the 
records report it growing ten inches tall and producing seed. In 
1894 this plat was harvested July 12th, and from the product 208 
pounds of cleaned seed was secured. By this time the sod had 
become very close, and most of the growth made was around the 
edges of the plat. Wherever it was sub-irrigated the growth was 
from one to two feet high, but wherever fiooded it became sod bound 
and made almost no growth. 

This was about the manner of its growth the succeeding years, 
until the present Superintendent took charge, in March, 1898. 
Noting that it was making a very poor showing, a portion was 
given a dressing of gypsum, and a sharp implement in the nature 
of a sub-soil plow was run through the other portion to cut up the 
sod, thinking it might do better were it relieved of the sodded con- 
dition. Neither remedy proved to be of any benefit. The only 
growth of any importance was the narrow fringe around the edges, 
or on the ditch banks, where it secured sub-irrigation. It does not 
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seem to withstand flooding. Becoming satisfied that no returns 
were to be secured by further allowing this to stand, it was plowed 
up in the fall of 1898. The sod was extremely compact, and much 
of the season of 1899 passed before it was rotted. 


To a field of three acres that had been sown to rye in October, 
1894, was added Bromus seed on April 9th, 1895, at the rate of 
twenty-six pounds per acre. The seed was harrowed in, and germi- 
nation secured by irrigation. A fairly good stand was secured over 
the greater portion of the field. In 1896-97 it furnished some 
pasture during a portion of each year. In 189%, when first taking 
charge of the Station, it was noted that this grass started to grow 
very early in the spring. It made some growth until about the 
middle of May, when all development stopped. It remained in 
about this condition until fall rains occurred, when it made some 
further growth, but not enough to warrant giving it much con- 
sideration. It was also noted that where an application of barn- 
yard manure was given, that the growth was increased considerably. 
It was further noted that while the grass would withstand con- 
siderable drouth without dying out, yet to secure any growth or 
vigor of plant a considerable amount of moisture was necessary, 
and this moisture should preferably be in the form of rain. Nine 
irrigations were given this field in 1897, between March 26th and 
October Ist. As before stated, where flooded it soon became sod 
bound. As the returns from this field did not warrant retaining it 
any longer, it was plowed up in May, 1899, and seeded to corn. 

That this grass did not improve the fertility of the soil was 
apparent from comparisons of adjoining fields, both in 1899 with 
corn and in 1900 with oats. An adjoinirg field that had been in 
red clover, and plowed up at the same time of the Bromus, gave 
fully fifty per cent. greater yield in the two crops above mentioned. 


Not being satisfied that the trials had been conclusive with 
this grass, and thinking that perhaps fail sowing would be of 
benefit in securing more favorable results, a field of one and one 
half acres was prepared, which was seeded with seventy pounds of 
Bromus seed, September 7, 1898. This land was irrigated by means 
of furrows two and one half feet. apart through the land, in which 
the water was run, giving it sub-irrigation as much as possible. A 
splendid stand was secured, and the grass was up well before winter 
set in. It was given the best of attention in 1899, and the heayy 
rains of the summer and fall were conducive to its best develop- 
ment. ‘The results of the year were promising, and it appeared as 
though this grass, under such conditions, would prove a valuable 
adjunct to the agriculture of this section. It was pastured but 
slightly in the fall of 1899, and by the 20th of April, 1900, fur- 
nished quite good pasture. One dairy cow was turned upon this 
lot and pastured for about six weeks. While there seemed to be a 
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plenty of forage. the cow did poorly. She lost in milk and flesh, 
so much so that it was necessary to seek some further food to secure 
good results. Early in May this grass began to fail, and from that 
time to date of this writing (December 28th) has only lived, making 
no growth whatever. 

The season has been very hot and dry, and under such con- 
ditions, which often prevail, the artificial application of water does 
not seem to be the requisite to produce growth and vigor of plant. 
Its behavior here tends to show that it is better adapted to a reg:on 
of lower mean temperature and greater summer precipitation, and 
that the soil should contain much more clay—what would be 
termed a stronger soil. It becomes sod bound under irrigated con- 
ditions, and soon fails to produce growth of any value. The grass 
is coarse and very low in nutritive qualities. I see but one place 
where it may profitably be employed, and that is as a soil retainer 
on the banks of ditches that are liable to wash. The fact that it 
thrives where the water is applied in this way, and that it forms 
such a dense sod, would warrant its use in cases such as above 
mentioned. 


Trials at the Plains Substation. 


J. EK. PAYNE, Superintendent. 


1895. <A plat was sown March 22nd on well prepared ground, 
which was broken in 1894 and thoroughly plowed in March, 1895. 
This seeding was blown out by spring winds. Later in 1895—June 
6th—the same plat was sown to Bromus inermis. A good stand 
was obtained, but grasshoppers destroyed it all. 

1896. Seed from an unknown source was used to sow a plat 
to Bromus inermis. The ground was well prepared, and had been 
cultivated in 1894 and 1895. None grew. The plat was seeded 
May 2nd. 

1897. A plat was sown May 2nd, on well-prepared ground 
which had been in sorghum in 1894, 1895 and 1896. No stand 
was obtained—in fact no grass was seen to have grown from this 
planting. Seed: The same as that used in 1896. It was of un- 
known origin, but was bought from a reliable seed house. 

1898. A two-acre plat was sown on land which had been 
well cultivated in sorghum and corn during the four years 1894, 
1895, 1896 and 1897. Seed furnished by the Department of Agri- 
culture was used. This seed was imported from Russia. A good 
stand came up, and the grass promised well until late in the 


Bromus INERMIs. 9 


summer, when the dry weather killed much of it which grew on 
the higher part of the plat. The grass remained green until late 
in the fall, and stood the winter well. It started in the :spring of 
1899, about the same time that the Colorado bluestem (Agropyrum 
sp.) started, but the dry weather in the summer destroyed nearly all 
except that which was in a low place, where extra water collected. 
This patch threw up a few seed-stalks twelve inches high. The 
spring of 1900, more especially April, was very wet. The remain- 
ing grass thickened and completely occupied the ground where it 
had secured a foothold (this was confined to about ten square rods 
which got the benefit of storm-water from the prairie). The seed- 
stalks grew twelve to twenty inches high, but they were thin on the 
ground. The main, leafy parts of the plants were too low to be cut 
by the mower. 

1899. Seed sent out by the U.S. Department of Agriculture ~ 
in 1898 was used to sow a plat on ground which had been culti- 
vated in hoed crops since 1894, with the exception of one year, when 
it was in barley. Only a few plants appeared, and these died 
during the dry weather of the summer. This plat was sown 
April 20th. 

1900. Fresh seed, grown in Manitoba, was furnished by the 
U.S. Department of Agriculture for sceding a plat this year. It 
was sown on well-prepared ground, which had been cultivated in 
hoed crops every year except one since and beginning with 1894. 
Only a few plants appeared, and these died during the summer. 
This plat was sown April 238d. 


Note 1.—“Well-prepared ground” means that the land was 
plowed from five to eight inches deep and thoroughly harrowed 
until the seed-bed was practically free from clods. In 1898 and 
1899 the land was plowed eight inches deep and packed with a 
sub-surface packer. 


Note 2.—The choice Jand of the Farm was used every year ex- 
cept 1898, when a two-acre piece, which represented the wettest and 
the dryest land on the Farm, was chosen. 


NotE 3.—Seed. The seed used in 1895 and 1898 proved to be 
good by growing. The seed used in 1896 and 1897 may not have 
been good, as its origin was unknown. The seed used in 1899 was 
some which was left from the supply sent by the U. 8S. Department 
of Agriculture in 1898. The seed used in 1900 was fresh seed 
obtained from the Department of Agriculture, which wasjgrown in 
Manitoba. Also some of the old supply sent by the Department of 
Agriculture'in 1898 was sown. Both these gave about the same 
number of plants. 


Norr 4.—All seed was sown broadcast and harrowed in with a 
smoothing harrow. 
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BROMUS INERMIS SEEN ELSEWHERE ON THE PLAINS. 


Only one plat was seen growing. That was on the ranch of 
Robt. Lucore in the northern part of Lincoln county. I saw this 
plat in May. 1900. It then showed scattered bunches among the 
weeds. The grass appeared to be growing well, but was a very 
poor stand. It was a small plat. Mr. Lucore said that he thought 
Bromus inermis a good grass for his neighborhood, but he did not 
care to plant any more, even if the seed was furnished him free. 


WEATHER AND COMPARATIVE CONDITIONS. 


During the six years Bromus inermis has been tried here, the 
rainfall has been as heavy as usual. Native hay has been cut on 
the uplands every year, except 1900. No year of the six under 
consideration was as drouthy as were 1893 and 1894. 


GENERAL COMMENTS. 


1. In common with all so-called drouth-resistant plants, the 
testing of Bromus inermis has proved to be very unsatisfactory here. 
The failure to get a stand of plants is the greatest difficulty ex- 
perienced. If rain does not fall at the right time after seeding, we 
are almost sure to fail to get a stand which will be fair to the plant 
under consideration. If a stand is obtained, continued drouth 
before the young plants are strong enough to resist it, may destroy 
all hope of successful termination of the trial. 


2. While we feel that the grass (Bromus inermis) is a failure 
under the conditions existing here, we realize that it might succeed 
where conditions are not quite so unfavorable. A difference in the 
distribution of the rainfall might bring success where we have to 
record failure. 


Our experience and observation compels us to recommend to 
those who think of trying Bromus inermis on unirrigated land in 
eastern Colorado, that they test it on a small scale for a few years, 
before plowing up buffalo grass to make room for it. 
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THE CANTALOUPE. 


BYCHe H. GRIBEIN. 


INTRODUCTION. 


The Arkansas Valley of Colorado has for some years 
been famous for its cantaloupes. 

During the season of 1900, 780 cars were shipped, which 
represents the product from about 2,500 acres. 

The cantaloupe is known as the ‘Rocky Ford” from 
the town that has led in the industry. The variety grown 
is the Netted Gem, which Burpee claims to have the distinc- 
tion of originating. Through environment it has become so 
perfected in the vicinity of Rocky Ford as to be unsurpassed 
in quality, and needs only to be introduced in any market t 
at once take possession of it. 

The melon plant is of rank growth and succulent tissue. 
It thrives best under conditions of high temperature, dry air, 
and continuous sunshine, and a deep, wari, sandy loamsoil. 
It is as delicate in constitution as in texture. It does not 
adapt itself readily to varying conditions nor to sudden cli- 
matic changes, and its tissue offers little resistance to the 
attacks of fungi. 


CULTIVATION. 


Were it not that there are many amateurs growing this 
crop, owing to the rapid settling of the lands in the Arkan- 
sas valley of Colorado, this bulletin need not deal with this 
phase of the sulject. 

The first planting is done from the first to the tenth of 
May; seldom any advantage is gained by putting the seed in 
earlier than May 1st. The land is put in good condition by 
rather deep plowing, harrowing and leveling. Furrows are 
then run with a shovel plow from 6 to 7 feet apart and the 
seed planted by the side of the furrow, making the hills 
from 5 to 6 feet apart inthe rows. Uniformity of planting 
facilitates cultivation, as for a considerable time the field 
may be cultivated in both directions. Care must be exer- 
cised not to plant the seed too deep. The depth should not 
exceed one inch. 

Some growers irrigate the furrows and plant afterwards, 
while others plant and then irrigate, permitting the water to 
reach the seed by percolation. I prefer subirrigation to 
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germinate the seed, as the soil is apt to become crusted and 
dry if it is handled and pressed after irrigation. 

Plenty of seed should be used—from 10 to 15 seeds to 
each hill—and when the plants have put forth four leaves, 
thin to three plants for each hill. Cultivate and hoe suff- 
ciently to secure good tilth until the vines run well, or are 
from two to three feet across the hill. Then the irrigating 
furrows should be run and cultivation cease, giving such 
hoeing as will keep down weeds. 

SEED. 

Good seed is a prime requisite for success with the can- 
taloupe, but not enough attention has been paid to the se- 
lection of it. Few have made any systematic selection of 
seed, looking well to the shape, size, solidity, depth of flesh, 
seed cavity, color of flesh and quality. Many have bought 
from dealers who knew little of the quality of seed sold, and 
the result is that many melons sold as “Rocky Ford” are 
not up to the standard.. The-effect of poor seed is more 
apparent in those districts in which there are many amateur 
growers, than where the older growers predominate. 

A pure Rocky Ford cantaloupe when ripeshould have a 
silver colored netting which is lace-like in appearance. The 
skin should be green turning to a peculiar gray color when 
the melon is fit for shipping. The flesh should be green in 
color and so sweet and luscious that it may be eaten close to 
the rind~ The melon-should- have a-smalliseed cavitywand 
the portion of the flesh immediately surrounding it be 
slightly tinged with yellow. The melon should weigh about 
one and one-half pounds and be very solid and firm. 

The cantaloupe growers should save seed from the very 
best melons, for in this way only can the quality be main- 
tained or improved. No grower should save seed for his 
planting without testing the quality of the melon. Occa- 
sionally a melon may be perfect in appearance, but not of 
first rate quality. 

HARVESTING. 


Much seed is shipped to points outside the state and 
the product from this seed is shipped to market as “ Rocky 
Ford” melons. “Rocky Ford” melons, so called, are on 
the market about the time the melon is setting on the vines. 
in the Arkansas valley. A few melons are shipped the first 
week in August, but heavy shipments do not commence be- 
fore the middle of the month. The melons are picked into 
sacks, carried over the shoulders of the pickers, and are at 
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once taken to the shade—packing sheds being made for the 
purpose—where they are crated. The standard crate holds 
forty-five perfect melons, in three tiers of fifteen melons 
each, and weighs about sixty-nine pounds. There are also 
used, to some extent, the two-layer crate, which is two-thirds 
the size of the standard, and the “pony” crate holding 
forty-five melons, but smaller than those of standard size. 
The standard crate is (inside measurement) 22 inches long, 
12 inches wide and 13 inches deep. 

When it is proper time to pick for shipment, the stem 
slightly parts from the melon. No stem tissue should ad- 
here to the melon, but there should be a smooth surface 
where the stem was attached. The netting and skin has a 
peculiar grayish appearance, which is easily distinguished 
when one becomes accustomed to picking. 

The cantaloupe is very perishable and rapid transporta- 
tion, in refrigerator cars, is required. By this means melons 
of good quality are placed in all of the markets of the east- 
ern states. The shipping period (from the same vines) 
should extend over not less than thirty days; a more rapid 
ripening than this is generally indicative of unhealthy con- 
ditions. As high as 300 crates per acre have been taken 
from alfalfa sod, but 100 to 150 crates of marketable melons 
per acre is considered a good yield. 


IRRIGATION, 


The essential thing in irrigating is to keep the water 
confined to the furrow, reaching the roots only by percola- 
tion. This keeps the soil in good condition, does not cover 
the vines with mud, and leaves the fruit in dry condition. 
If the water stands on the fruit it is apt to induce decay or 
cause uncolored or soft spots, which make the product un- 
salable. It is common to irrigate every ten days, paying 
little attention to the needs of the plant. The tendency is 
to irrigate too often early in the season. 

The most water is required about the time the blossoms 
commence to set well, previous to this giving only enough 
to keep the plant growing well. When the plant commences 
to bloom profusely, irrigate thoroughly and afterwards give 
only so much water as will keep the plant in good thrifty 
condition. A too moist condition is apt to increase the 
spread of any fungus trouble. oo 

In 1899 three plats weré used to test the effect of irri- 
gation on quality and production. One plat had seven 
ini@ationss lune 19-30, july 10, August 1, 17, 26,and Sep- 
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tember 4; another three irrigations, June 30, August I, and 
September 4; and a third plat one irrigation, July 10. 
Heavy rains occurred in July, and considerable rain fell in 
August. , 

The plat irrigated but once did not yield so heavily as 
the others; the vines and fruit were smaller, but the fruit 
was of better quality. The plats numbered one and two 
yielded about the same, and as far as could be judged, the 
quality was the same. Evidently, plat No. 1 received twice 
as much water as was necessary. 


FERTILIZERS. 


Virgin soils produce good melons both in quality and 
quantity, but fertilization is soon a necessity. Since fungus 
troubles have become annoying, it is not advisable to apply 
any heating manure to the soil just previous to growing 
cantaloupes, as it has a tendency to increase the trouble. 

A comparative trial in 1899 with melons grown on 
alfalfa sod, on cropped land manured with well rotted barn- 
yard manure in the hill, and on cropped land fertilized with 
bone dust in the hill, showed the best results from the 
alfalfa. The product was nearly doubled, the quality was 
better, and the ability to resist fungus troubles greater. 
Alfalfa sod brings maximum returns, and in turn the melon 
easily subdues the alfalfa and puts the land in splendid con- 
dition for succeeding crops. 


TRANSPLANTING. 


A test was made in 1899 to note to what extent hot bed 
propagation may hasten maturity and how successfully it 
may be performed. The seed was put in the hot beds April 
3. Some of the seed was put in cans, so arranged that the 
plants could be taken from them without disturbing the 
roots, while others were put in the bed without any support. 
It was found quite difficult to transplant them when the 
roots were at all disturbed. Fully 95 per cent of those set 
from the cans grew, while only about 50 per cent of those 
taken from the bed without support survived. May 8, the 
first plants were taken from the bed and set in the open 
field. The first seed planting in the open field was April 20 
and the second May 1o. 

_ The first ripe melon was taken from the transplanted 
vines August 17, only one day earlier than melons grown on 
ground fertilized with alfalfa or manure, and only four 
days earlier than those grown without any fertilizer. 
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However, they ripened (in quantity) faster, and for the next 
ten days gave more ripe melons than any other planting. 


DISEASE OF THE VINE. 


Until recently the industry has advanced at a rapid 
pace, no disease or insect pest causing trouble of any 
consequence. 

A blight or rust first attracted attention in a few fields 
in 1896, and there was a slight increase in its spread in 1897. 
No one gave it serious thought at first, and it was not until 
it became prevalent and the damage serious, that anyone 
realized to what extent it might cripple the industry. My 
attention was first called to it in 1898, when it became so 
prevalent in some fields as to do much injury to the crop 
at about the time the melons were ripe. 

It. first appeared in well defined centers on fields 
that had been cropped with melons continuously for some 
years. In 1899 it was apparent that the disease diminished 
as we receded from these centers, and, in most cases, it did 
not appear on the remote fields until later in the season. 

The leaves were found to be covered with numerous 
brown spots, giving them a rusty appearance. The spots 
ran together, eventually killing the leaf. The stem was 
also covered with spots, and in some cases the melon was 
affected, the diseased tissue often extending to the heart of 
the melon. 

Leaves and stems were sent to Prof. Crandall, who 
pronounced the trouble due to a fungus (smacrosporzune), but 
sent the specimens to Ellis and Everhart, who pronounced 
it a new species, naming it “cucumeriun.” 

To the casual observer, the cantaloupe blight, which is 
caused by atrue parasitic fungus, first appears as a number 
of brown spots about the size of a pin head upon the 
leaves in the center of the hill. A careful examination 
of the younger leaves shows where the fungus has been at 
work, sometime before it is apparent by the brown appear- 
ance. It can be seen where the leaf tissue has been eaten 
away, and when the. injured tissue dies, then it is that the 
brown appearance occurs. These spots gradually enlarge 
until they may attain a diameter of half an inch, andthe 
number sufficient to envelop the leaf and cause its death. 
In some badly affected fields can be seen spots of all 
gradations in size, from those just forming on the young 
leaves to those so large as to destroy the older leaf. _ 

During nearly the whole season the cantaloupe is _put- 
ting forth new growth that is very succulent, and this 
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parasite may be doing incalculable injury long before the 
grower is aware of its presence. This is especially true if 
the weather conditions are moist and favorable to its 
increase and spread. 


EXPERIMENNTS IN 1899 FOR THE CONTROL OF THE DISEASE. 


Observing in 1898 that the disease was apparent only 
on certain fields, I made a collection of seed from these for 
planting the following year, to see if it was communicated 
by the seed. This seed was planted in the spring of 1899 
away from other melons for the purpose above mentioned, 
and for some preliminary spray work for the control of the 
disease. 

Three rows, each 250 feet long, were planted, the 
middle one being reserved for spraying with the Burdeaux 
mixture, using the others as checks. The row was sprayed 
June 22, and again June 30, with Bordeaux mixture—4 
pounds of copper sulphate (blue stone) to 4o gallons of 
water. At this time there was something on the 
vines that looked like blight. The next spray- 
ing was done the 22d of July, at which time the blight was 
in evidence and spreading rapidly. The row was again 
sprayed July 31 and August 11. 

The weather previous to June 19 had been very dry. 
Subsequent observations have shown that the spread of the 
disease, previous to this time, would not have been rapid 
enough to be discerned, even if the weather had been moist. 

After ~Juneé 20, fain and) dews. were. plentuinl: 
seven inches of rain fell during July, 5.14 inches of this in 
the week commencing July 14. The vines were completely 
submerged and the spray, no doubt, mostly destroyed. The 
weather conditions following were very favorable to 
the spread of the disease. 

Owing to the weather conditions during July, it was not 
apparentthat any benefit wassecured from the two early spray- 
ings, but a decided benefit was obtained from those made 
etter uily.22. 

_ Thesprayed vinesremained green and ina growing condi- 
tion long after the others had succumbed to the disease, 
and fruit of good quality was picked from them the first 
week in September. Two weeks previous to this the last 
merchantable melons were taken from the unsprayed vines 
and they, at all times, were inferior in quality to those 
picked from the sprayed vines. They ripened prematurely 
and the taste was insipid; this alone being sufficient 
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guide to determine from which vines the melons came. _ It 
could not be said that the infection came from the seed, for 
these vines were no worse infected with the blight than 
other melons on the station property or in the adjacent 
country. Some of the seed was held over for planting in 
1900, and the results are like those mentioned. 

All of the fields in the vicinity of Rocky Ford were 
more or less affected with the disease, the spread being 
much more rapid than anyone anticipated. This caused us 
to inaugurate experimental work, late in the season, for its 
control. 

There were, at the station, seven rows of cantaloupes, 
each 275 feet long, onalfalfa sod. One of these was sprayed 
with the Bordeaux mixture July 31, and again August 11. 
This work confirmed the results enumerated above. 

Another row was sprayed with the ammoniacal. copper 
carbonate solution (1 oz. to 6 gallons of water) August 4, 
and again August 8 and 11. Some benefit was secured 
from this spray, in the same way it was with the Bordeaux 
mixture, but it was not so pronounced, nor does the spray 
adhere so well to the plant. 

Mr. I. D. Hale had some June planted melons which we 
secured for experimental purposes. They were sprayed 
with the Bordeaux mixture July 27, and again July 31 and 
August 11. 

About one-eighth of an a¢re of melons was sprayed for 
G. W. Swink, August 15 and 16. Owing to press of work 
only one application was given these vines, but the benefit 
from the spray was quite marked when compared with the 
remainder of of the field. 

August 21 we sprayed about one acre of late melons at 
I. D. Hale’s, in which the blight was very bad; it appeared 
as though no returns could be secured from the field. 
Even after the vines were thus affected there was a marked 
improvement in the appearance of the vines, and the fruit 
did not deteriorate in quality nearly so rapidly as in an 
unsprayed portion of the field. 

Mr. C. S. Fenlason had about 134 acres of late melons 
which were secured to spray, to verify previous results and 
to further study the cost of the work. [he vines were very 
large, completely covering the ground. 

A barrel of spray mixture was put in a slip scraper 
which was pulled backwards, and two rows taken on 
each side. The work was done August 22 and 23. 
Twenty-two pounds of copper sulphate were used to make 
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the spray. It required three men and one horse thirteen 
hours (together with a boy about two hours to turn the 
vines) to complete the work. The cost was estimated at 
$6.75 per acre. . 

Three hundred crates of good melons were sold from 
the field. Mr. Fenlason thinks the spray saved the crop 
from destruction. A few vines in this field were not 
sprayed and the advance of the disease on these was very 
noticeable. An adjoining field of melons so succumbed to 
the disease as to be of little value. The results of the year 
were of one accord; confirming the benefits from the spray 
as above mentioned. 


EXPERIMENTS OF I9O00O. 


The cantaloupe season was very dry and hot, and hence 
extremely favorable to the vine and unfavorable to the 
spread of the disease, so that the results have not been so 
marked as was the case in 1899, when rain was prevalent. 

May 8 about six-sevenths of an acre of alfalfa sod was 
planted to cantaloupes, it being the intention to spray por- 
tions of it at stated intervals for the purpose of testing what 
number of sprayings would be the most efficient. June 11 
the blight seemed to be making its appearance and the 
vines as yet not running. The same appearance was also 
found in other fields. June 13 the most of this patch was 
sprayed with Bordeaux mixture, July 11 sprayed the 
second time, and July 31 a portion of them sprayed for the 
third time. 

The weather continued extremely dry and hot during 
July and August, and in but few places was there any rapid 
spread of the disease. There was no appreciable benefit 
from the third spraying. 

Comparing the sprayed vines with checks and with 
adjoining unsprayed fields, there was an appreciable differ- 
ence in the appearance of the vines, in the quality of the 
fruit, and the manner in which it ripened. During the last 
of August, the fruit on the sprayed vines was ripening 
slowly, while the unsprayed vines were giving up their fruit 
rapidly. 

About four acres of melons, belonging to leasers on the 
station, were used for experimental purposes. Two acres 
of this field were sprayed June 14 while the vines were 
quite small, but few of them running. A second spraying 


was given them from July 7 to 12, at which time they were 
running considerable, 
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A third acre was sprayed July 28 for the first time, 
which was done for the purpose of noting the effect of late 
spraying. The blight was showing considerably in the 
center of the hills, but not spreading to any appreciable 
extent. After this spraying there wasa peculiar appearance 
of the edges of the leaf (which to some might be alarming). 
Much of the portion assuming this appearance was brown 
at the time of spraying, but the centers remained green and 
the leaves retained their vitality, which was not the case 
with those unsprayed. This appearance of the edge of the 
leaf did not occur with those sprayed early, and its appear- 
ance is something for which I am not able to account. The 
remaining acre was not sprayed, for the purpose of a check 
upon the work. 

The most noticeable feature to the parties picking the 
product from the field was the rapidity with which the 
unsprayed portion ripened its fruit. Soon after harvesting 
commenced the yield on this acre was twice as great as on 
an equal area of sprayed vines, and the quality was not so 
good. The melons were ripe and picked on this acre fully 
two weeks before they were on the other three acres. 
Those having the field in charge were in doubt, when the 
work commenced, whether there was any efficacy in the 
spray, but the ripening of the fruit dispelled any such doubt. 
‘There was an appreciable difference in the appearance of 
the vines, and this was discernable for some distance. 
People who saw the vines early in September would remark 
as to their health and vigor, and they continued to bear 
until frost. 

Owing to the continued dry weather, the two early 
sprayings seemed to be all that was required, and were 
preferable to the one spraying done later. Had moist con- 
ditions arisen, it is probable that one or two more sprayings 
would have been necessary. However, the results from the 
late work gave evidence that good results can be secured 
from the late applications. 

What has been said is further substantiated by results 
in other fields near by, in which the vines and crop were, at 
one time, more promising, but (due to the diseased condi- 
tions) ripened their fruit too rapidly, unevenly, and the 
quality was undesirable. On these fields the spread of the 
disease from day to day was apparent during the latter part 
of August and the first week of September. 

An ordinary field of cantaloupes should not yield, dur- 
ing the height of the season, more than twelve crates of 
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marketable melons per acre per day, but on some diseased 
fields it was not uncommon for more than twice that amount 
to be taken. 

As a further test of the efficacy of the Bordeaux spray, 
four acres were sprayed in the field belonging to John 
Deweese. The first application was made June 18, and the 
second July 7, it being the intention to give a third, but 
press of work prevented it. One row was left through the 
center asa check, and the results showed a decided benefit 
to the vines and the ripening. of the fruit. This was espec- 
ially marked when comparison was made with an adjoining 
field that was planted later, but which matured its fruit 
earlier, owing to the disease. 

Mr. Deweese feels that the spraying saved a consider- 
able part of his crop. His greatest yield from the four 
acres did not exceed so crates per day, in a total yield of 
about 600 crates. When the season was nearly closed and 
the vines had been tramped and injured, the benefit, from. 
the appearance of the leaves, was still apparent. 

I had under observation four fields, in which spraying 
had been done by farmers who were incited to do the work 
by the results of the previous year. Some were highly 
pleased with the results, and in no case was there a failure 
to derive some benefit. 

I wish to emphasize what has been said in regard to the 
benefit on the quality of the fruit—the value of the spray is 
not by any means to the vines alone. It keeps the vine in 
better health, and the necessary vitality is secured for the 
proper development of the fruit. 

; COST OF SPRAYING. 

A record of expense on the field of John Deweese for 
labor and material is as follows: June 18, 4 hours with 3 
men, 1 team ‘and! 134 barrels of, spray amixiires se) ulyae 
9 hours with 3 men—1 team and 3% barrels of spray 
mixture. An estimated total of $9.80 for two sprayings on 
the four acres. 

The cost of spraying the two acreson the station, twice, is 
as follows: June 14, 1% hours with 3 men, 1 team and 
1 barrel of spray mixture. July 7 to 12, 234 hours with 3 
men, 1 team and 1% barrels of spray. The acre sprayed 
July 28 required 3 hours with 3 men, 1 team and 1% 
barrels of spray, together with 1 hour for 1 man to turn the 
vines. This makes an average cost of $4.47 for spraying an 
acre three times. The vines varied in size from those just 
running to vines from 3 to q feet across. 


CANTALOUPES. Ve 


These estimates, together with those for 1899 at Mr. 
Fenlason’s, cover the cost at all stages of the melon’s growth; 
and from this one can tell approximately what the cost will 
be, taking into consideration the size of the vines. The 
price of copper sulphate (blue stone) is assumed to be ten 
cents per pound in these estimates. 

Our appliance for doing the work in 1900 was a plat- 
form arranged on two wheels of a grain drill, upon which 
was a barrel containing a spray pump. Two lengths of hose 
were attached tu the pump, sufficient to cover from 4 to 6 
rows at a time, depending upontheir size. The double-trees 
were spread to correspond with the width of the wheels and 
allowed the team and cart to spread over one row. 

ACTION OF THE FUNGICIDE. 

The object in applying the fungicide is to destroy the 
fungus without injuring the plant tissue. Further infection 
will be prevented and the tissue that the parasite would 
otherwise appropriate will be left to perform the functions 
of the plant. 

The Bordeaux mixture is a combination of copper 
sulphate (blue stone), lime and water. The lime unites 
with the sulphuric acid, forming gypsum, and the copper is 
left in an insoluble condition which the gypsum tends to 
cement to the leaf. The carbonic acid of the air and the 
ammonia of the rain and dew dissolve slight amounts of the 
copper. It is very essential, when preparing this mixture, 
to use plenty of lime—an excess will do no harm. Experi- 
ments have shown that when an excess is used the copper 
is slower dissolved and, consequently, held on the plant 
longer. There are a number of ways the copper may act 
upon the fungus. 

The spores may be prevented from germinating by 
inhibitory action; the spores may be killed outright before 
germination has commenced; the germ may be so weakened 
as to be unable to enter the host plant; or the presence of 
the copper on the leaf may impede the fruiting of the fungus 
already within the tissue of the plant. I believe the efficacy 
of the spray is due to the destruction of a considerable 
portion of the fungus growth present and to the prevention 
of the germination of the spores upon the new tissue. That 
the spray quickly prevents the enlargement of the spots 1s 
plainly to be seen. 

The spores of the fungus, no doubt, germinate, grow 
and produce spores in a few days, but this period of growth 
may be hastened or greatly retarded by the weather con- 
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ditions that prevail, and for this reason the results may vary, 
according as one is fortunate in applying the spray at just 
the time when it may be most destructive to the fungus. 
The development of spores apparently takes place faster in 
late than in early season, which, no doubt, accounts for the 
greater rapidity of its spread later in the season. 


EFFECT OF WEATHER CONDITIONS. 


The season of 1899, being alternately wet and dry, 
afforded an opportunity to study the effect of weather upon 
the development of the fungus. When moist conditions 
prevailed, its spread was so rapid that it was plainly 
apparent, but dry weather at once checked it. 

The number of sprayings required, and the time at 
which the spraying should be done, will have to be regulated 
largely by the weather conditions. When it is remembered 
that there may be, under favorable conditions, many suc- 
cessive crops (so to speak) of the fungus, and that moist, 
humid conditions are the most favorable for its growth, the 
grower will have to be guided by the weather in choosing 
the time for making the application. 

The grower is mostly interested in preserving the 
leaves in the center of the hill, and for the purpose of doing 
this we think it well to give one or two sprayings about the 
time the vines commence running. The leaves in the cen- 
ter of the hill give protection to the major portion of the 
marketable melons. 

The season of 1900 was extremely dry and may be con- 
sidered as unfavorable for the blight as any season could be, 
and yet the disease was prevalent. While it did not develop 
to such a degree as to greatly impair the quality of the 
fruit in the majority of fields, yet in most instances there 
was more or less injury. In some fields the shipping season 
was shortened fully one-half,and the product was of inferior 
quality. 

It is far preferable that weather conditions should keep 
the disease under control every year, but as the disease was 
prevalent in 1900, the farmer must expect to be obliged to 
cope with it under the weather conditions that usually 
prevail. 

The farmer must not think, from what has been said 
in the preceding pages, that perfect immunity is secured by 
the use of the spray. All that can be hoped for is such 
control of the disease that melons of good quality may be 
secured, and the shipping season prolonged to near the 
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same period that it would be if perfectly healthy conditions. 
prevailed. 

The subject is not exhausted in this report, but we have 
done enough work to warrant giving information to the 
farmer, that he may be able to cope with the trouble to the 
fullest extent that our knowledge, at present, will enable 
him to do. 


PREVALENCE, OF DHE BLIGHT; 


No evidence could be secured in 1899 that the disease 
occurred in any other locality than that of Rocky Ford. In 
1900 I found it in all parts of the valley, with the possible 
exception of Pueblo. Many farmers are yet totally igno- 
rant of its appearance, especially when it is not present in 
sufficient quantity to cause any rapid deterioration of the crop. 
A farmer, whose field was badly infested with lice and 
blight, cited the fact that he had shipped 200 crates per 
acre from the field. Inquiry revealed the fact that the 
shipping period had not extended overmore than two weeks, 
and that many melons of inferior quality had been taken 
because, just at that time, the supply of melons was not 
equal to the demands of the market. 


INJURY TO BEES. 


Many hives of bees stood near one of the fields treated. 
The apiarist found no dead bees, nor could it be seen that 
any harm resulted to the bees. The blossoms of the melons 
live only three or four days, so that no great number of 
sprayed blossoms are on the plant at any one time. Most 
of the flowers are well protected by the leaves, so that but 
little of the spray reaches the center of the flower. ; 


FORMULA FOR MAKING THE SPRAY. 


Dissolve 4 lbs. of copper sulphate (blue stone). 
Slake q lbs. of fresh lime. 

When the lime has become cool drain off the milk, 
adding it to the copper sulphate solution; then dilute with 
water until there are 40 galions of the mixture. These pro- 
portions we have found to be about right, but care must be 
exercised to use plenty of lime, or otherwise the acid will 
burn the foliage. It is b tter to err on the part of too much 
lime than not enough. A stronger solution can be used 
with impunity, but we have found as good results from this. 


as from the stronger. 


FOr: BULLETIN 62. 
POLLINATION. 


The number of flowers born by a single melon vine is 
something astonishing. This is no less striking than the 
disparity existing between the male and female flowers. An 
account was kept on six vines from June 27, the time of 
blooming, until July 13, at which time the vines had become 
so interlapped that individual vines could not be distin- 
guished. 

The table shows the dates on which the flowers were 
counted and the number of flowers that had formed at each 
time. The total number of male flowers formed was 3,075 
and the number of female was 253; an average to each hill 
of 512 male and 42 female flowers to July 13: 


No. of Male No. of Female 
Date. Flowers. Flowers. 
June 27 203 I 
June 30 338 IT 
July 3 474 28 
Uy ae 755 95 
July ro 660 87 
July 13 645 5 31 


It must be remembered that the vines continue to bloom 
profusely until late in August and melons may ripen that 
are set about the middle of August. 

Twenty ripe melons to each vine is considered a heavy 
yield. In the above table we have more than 4o female 
flowers (to each hill) produced in the first two weeks of 
the blossoming period. 

The first blossom appeared on June 27, and the first 
ripe melon was taken August ir. It takes about six weeks 
from the time of the setting for the fruit to ripen. 
Some farmers become alarmed when the first flowers that 
are formed drop without setting fruit, but the figures reveal 
the fact that the most of these are not fruit bearing flowers. 


INSECT PESTS OF THE CANTALOUPE. 


flea beetle—This is a small black beetle that devours 
the leaf soon after the melons are up. Dusting the plants 
with air slaked lime in early morning when they are damp, 
or spraying them with a mixture of 1 lb. of Paris green and 
1 lb. of lime to 150 gallons of water, will remedy the 
trouble. 

Striped cucumber beetle—This little striped insect is 
familiar to all, appearing in the spring soon after the melons 
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are up. It has not appeared at the station since June, 1808, 
at which time trials for its control were cut short by a 
severe hailstorm. Ihave seen good results from dusting 
the plants with Paris green in air slacked lime, but it is only 
a repellant, and hence the effect is temporary. It will drive 
them away for a time, but they may return with the next 
passing wind. In the short space of time we were enabled 
to combat it, we found kerosene emulsion quite effective. 
It acts as a repellant and kills with sufficient contact. 

In Bulletin 158 of the Geneva (N. Y.) station, Bor 
deaux mixture was found to be the most efficient of many 
remedies tried. From 2 knowledge of its repellant proper- 
ties, we are of the opinion that it will do all that is claimed 
for it. Its use will be a double one—for the insect and the 
blight. The insect is not present every year, but is very 
destructive when it does appear. 

Geoneter or measuring worm—This worm did much 
harm in 1900 by eating away the parenchyma of the leaf 
from the under side. It appeared about June 18 and was 
very near the color of the leaf, and exceedingly small. It 
was sometimes difficult to discern, and did much injury before 
many were aware of its presence. These worms are numer- 
ous every year on lettuce, cabbage, etc., but last year was 
the first time I have known them to attack cantaloupes. I 
noticed when we had sprayed with Bordeaux mixture for 
the blight, that but few of the worms were present. 

We also used a spray of Paris green, 1 lb. and lime, 1 
Ib. to 150 gallons of water, which was effective. In using 
Bordeaux mixture for the blight the poison can be added to 
lessen the numbers of the insect, and thus apply a remedy 
for both evils at the same time. 


Melon louse—This is the only insect that may cause 
alarm to the melon growers. In the eastern part of the 
‘valley it has secured such a hold that drastic measures will 
probably have to be taken for its suppression. [ saw many 
melon fields in 1900 almost ruined by this insect. The 
insects were so numerous that the vines over whole fields 
were black from the excretion of honey-dew. They were 
sO numerous as to cause inconvenience to the pickers, and 
yet there were many growers not aware that the insect was 
present in the field. The lice were sapping the vitality of 
the vines and destroying the quality of the product. 

The insect breeds and feeds upon a great variety of 
plants, many of which are the common weeds of our fields. 
Winged forms will appear ana migrate to the melons. ‘ive 
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lice reproduce so rapidly that once they become established 
it may be only a short time until the whole field is infested. 

Probably the best remedy is a preventive one, which 
consists in keeping the weeds cleared from surrounding 
fields, and the burning or plowing under of all vines and 
rubbish in the fall. Close watch should be kept early in 
the season, when hoeing and thinning, for any appearance 
of the insect. 

It is a small, green insect that attaches itself to the 
‘under side of the leaf. Close observation is necessary to 
discern it when it first appears. The insect secures its sus- 
tenance by sucking the sap from the leaf, and only contact 
remedies, such as kerosene emulsion, will be of service. 

If but few hills are attacked, they may be destroyed, but 
this is not desirable. If the field becomes infested with this 
insect, spray the under side of the leaves thoroughly with 
the kerosene emulsion (diluted 30 times) to keep itin check. 
As soon as the melons are harvested, put in the plow with 
rolling coulter attached and turn the vines under deeply. 
Do not use the same land to grow melons the succeeding 
year. 
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INTRODUCTORY. 


By THE Director. 


Since 1889 the Colorado Experiment Station has issued ten 
bulletins relating to sugar beets, eight of which have been devoted 
entirely and two partially to the study. Nearly all of these bulle- 
tins are now out of print, but demands still continue for the infor- 
mation contained in them. It is not desirable to reprint these 
bulletins, yet many of the investigations and conclusions are still 
pertinent, and it is believed that a summary of these bulletins to 
render the results accessible will be of much use, and incidentally 
serve to maintain the credit of the Station for the pioneer work on 
this subject which it has done in this State, the extent. of which is 
realized by few. The bulletin places the facts developed in the pub- 
lished reports of this Station in compact form, and while attempting 
to summarize our own publications referred to, it does not attempt. 
to summarize the work of the other stations or of the Department of 
Agriculture on the same subject. 

This early and continuous work of tie Station carried on since 
1888, and supported in 1898, as it has been, by various interests, 
especially of the Denver Chamber of Commerce and the C. &S. R. R., 
has been an important factor in the location of the industry in Colo- 
rado on a firm foundation. These investigations have given the 
data necessary in order that sugar beet factories should be justified. 
At this time three factories (Grand Junction, Rockyford, and Sugar 
City) are in operation in the State. Another (at Loveland) is in ac- 
tive construction, and several more are in contemplation for 1902. 
The industry has every promise of being of much importance to the 
State, and especially valuable as it does not interfere with any other. 
The results already reached show that it finds in Colorado, as has 
been indicated in the early reports of the Experiment Station, a 
state well adapted to the industry. 


7. Potatoes and Sugar Beets. April, 1889. Profs. Cassidy and O’Brine. 

11. Sugar Beets. April, 1890. Director Ingersoll and Dr. O’Brine. 

14. Progress Bulletin on Sugar Beets. January, 1891. Dr. O’Brine. 

21. Sugar Beets; Potatoes; Fruit Raising. October, 1892. F. L. Watrous. 

36. Sugar Beets. March, 1897. Prof. Cooke and Dr. Headden. 

42. Sugar Beets in Colorado in 1897. February, 1898. Prof. Cooke and Dr. 
Headden. 

46. A Soil Study. PartI. The Crop Grown: Sugar Beets. June, 1898. Dr. 
Headden. 

51. Sugar Beets in Colorado in 1898, March, 1899. Prof. Cooke. 

57. Farm Notes. Alfalfa; Corn; Potatoes; Sugar Beets. July, 1900. Prof. Cooke. 

58. A Soil Study. Part II. The Crop Grown: Sugar Beets. August, 1900. Dr. 
Headden. 

PRESS BULLETINS. 
1. The Sugar Beet Caterpillar. August, 1899. Prof. Gillette. 
3. The Beet Army-Worm. May, 1900. Prof. Gillette. 


Also, references in each of the thirteen Annual Reports of the Station. 


SUGAR BEETS. 


A RESUME OF THE PUBLISHED WORK OF THE AGRICULTURAL 
EXPERIMENT STATION OF COLORADO. 


By Wituiam P. Heappen, Pa. D. 


The first experiments made in the State of Colorado to deter- 
mine the feasibility of growing sugar beets for the manufacture of 
sugar on a commercial scale were those made at the Experiment 
Station at Fort Collins in 1888. These were undertaken by Profes- 
sors Cassidy and O’Brine at the instigation of the late C. L. Inger- 
soll, Director of the Station. Three varieties were experimented 
with. The percentage of sugar was quite satisfactory, the authors 
making the yield of cane sugar from 4,250 to 7,318 pounds per acre. 

The object of these experiments is evident from the closing 
paragraphs of bulletin No. 7,* in which the work is recorded: 

“From the above it will be seen that there is quite a wide variation in sugar 
content in the four varieties tried last season. Hnough, however, has been de- 
veloped to create a lively interest in the cultivation of the sugar beet in this 
State for the purposes of sugar production—” 

From the publication of the results of these first experiments, 
in April 1889, to the present time, the Station has issued eight other 
publications on this subject, only one of which republished any of 
the results contained in previous bulletins. 


The work on this subject has taken two directions, cultural and 
chemical. Bulletins 11, 46, and 58 are devoted to considerations of 
the latter class; .Nos. 7, 14, 21, 36, 42, 51, and 57 almost exclusively 
to cultural studies, No. 14 alone deviating from this line in contain- 
ing a statement of the Director and Chemist in regard to the state 
of |the industry in 1890. 


In No. 14 the question of the relation between the size of the 
beet and its sugar content was discussed, and the suggestion made 


that the size of the beets could be controlled by thick seeding and 
judicious thinning. 


* Potatoes and Sugar Beets. April, 1889. Profs. Cassidy and O’Brine. 
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The results given are uniform in showing that small beets, such 
as weigh from one to three ounces, are richer than large ones, thirty 
to forty ounces in weight, by two per cent. or more. 


The conclusion of this bulletin indicates that the author had 
the general question of the adaptability of Colorado to the produc- 
tion of sugar beets in view rather than any cultural problem, for he 
says, “We believe that it has been established that the soil and climate of 
Colorado are favorable to the production of sugar beets, and that they can 
be successfully and profitably raised to the advantage, both of the farmer 
and manufacturer.” 


Mr. Frank Watrous, in charge of the substation at Rockyford’ 
grew beets in 1890, 91, and ’92, and records the results of his ex- 
periments in bulletin No. 21. The season of 1890 was spent in 
groping after facts, and the product, though encouraging, was not 
large. The yield obtained ranged from eight to seventeen tons per 
acre. Some of these yields were from half acre plots, others esti- 
mated from single rows. 


In 1891 an experiment in irrigating beets was made, from 
which Mr. Watrous concludes that, in an ordinary season, one irri- 
gation during the growing season is sufficient to produce the best 
results both as to tonnage per acre and saccharine matter contained. 
Four plots of one-fourth acre each were planted to Vilmorin beets. 
Plot 1 was not irrigated; plot 2 was irrigated once; plot 3 was irri- 
gated twice; and plot 4 was irrigated three times. The dates{of 
irrigation are not given. The results are: 

Plot 1. Yield: 9 tons per acre. Sugar: 14.25 per cent. 
Purity: 80.5 per cent. 

Plot 2. Yield: 10.8 tons per acre. Sugar: 15.2 per cent. 
Purity: 84.3 per cent. 

Plot 3. Yield: 9.9 tons per acre. Sugar: 14.22 per cent. 
Purity: 79.5 per cent. 

Plot 4. Yield: 9.9 tons per acre. Sugar: 13.0 per cent. 
Purity: 76.0 per cent. 


In 1892 the plots were 1-100 and 4 acre each, four of the six- 
teen plots being } acre in area. The yields from the } acre plots 
were 18.7 tons, 20.5 tons, 25.0 tons, and 25.7 tons per acre, and the 
sugar percentage 15.18, 16.7, 15.9, and 18.9. The coefficient of 
purity was between 82 and 85. The yield from the 1-100 acre plots 
was somewhat higher, as was to be expected, the sugar content 
ranging from 13 to 15.8 per cent., and the coefficient of purity from 
76 to 85. 

The plan of culture adopted as the result of the three years’ 


study is as follows: After land had been plowed, harrowed, and 
made quite smooth, even, and free from lumps, stones, or trash, seed. 
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was sown with an ordinary hand drill, sowing eighteen pounds to 
the acre, covering an inch or less in depth, in double rows one foot 
apart, separated by a space two feet wide. Then, with one horse 
and a shovel plow, a trench was made in this space, the dirt being 
thrown on both sides to finish covering the seed. The rows are 
worked over quickly with a rake or hoe, and the seeding is complete. 
Beet seed requires considerable moisture to produce germination, 
hence, in a dry spring, water may be turned in these ditches and 
beets brought forward, independent of dry weather. 


To facilitate irrigation, rows should not be more than three 
hundred feet in length, preferably less. It should not be necessary 
to drench the upper end in order to moisten the lower end. 


Proper cultivation consists in hand hoeing or working with a 
fine-toothed cultivator, the surface of the ground being stirred as 
soon after irrigation as practicable. From experience at this Sta- 
tion it seems safe to state that the more careful cultivation, with the 
proper amount of water when needed, the more sugar per acre. 


Bulletin No. 36 discusses the general outlook for the sugar in- 
dustry in Colorado. The question of market for the sugar which 
might be produced in the State is answered as follows: “'To produce 
the sugar consumed by the inhabitants of Colorado would require 
five factories of large size, employing two hundred men each, who, 
with their families, would represent about four thousand people. It - 
would require the growing of sugar beets on fifteen thousand acres 
of land, and add more than three hundred dollars to the income of 
each of two thousand farms.” 


Touching the question of profit, the writer says: “Jf prices are 


such as to make the business profitable anywhere, then it will pay in Colo- 
rado.” 


The irrigable portions of Colorado below 5,000 feet in altitude 
and east of the Rocky Mountains, possess the best possible climate 
for the growth of sugar beets, as do many of the valleys of the west- 
ern portion of the State, but the parks of Colorado are too cold for 
the sugar beet to be grown with profit. 


The common cause of failure among beginners is a lack of 
thorough preparation of the soil. The plowing should be done in 
the fall, subsoiling to fifteen or eighteen inches. If this is done, a 
thorough harrowing just before planting will be all that is needed. 


If the plowing is done in the spring it should be delayed until 
just before planting. The planting is done with a drill. An ordi- 
nary wheat drill may be used, but there are special drills for plant-- 
ing beets. Twenty-four inches is recommended as the distance be- 
tween rows, being none too far apart for irrigation. 
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The quantity of seed recommended to be sown is at the rate of 
twenty pounds to the acre. This quantity is large, but advisable in 
order to get a full stand. The seed should be put in about an inch 
and a half deep. If the ground is thoroughly wet at the time of 
planting half an inch may suffice. Ifthe plowing is done in the 
spring it may be advisable to irrigate the ground thoroughly before 
plowing, and thus insure a good supply of moisture in the subsoil. 


If, after the seed is sown, the weather is so dry that the seed 
has to be “irrigated up,” the chances of a profitable crop are slight. 
The seed can be successfully “irrigated up” by running a furrow 
six inches from the drill and allowing a small head of water to run 
until it has wet the seed by soaking sideways. 


The planting may be done from the last of March. till the mid- 
dle of June. Sugar beets sown the first of May will be ready for 
harvesting about the first of October. 


The first cultivation should take place as soon as the plants are 
up enough to enable one to follow the row. Whatever implement 
is used, it should merely scratch the surface of the ground, leaving 
it level and killing the small weeds without throwing dirt onto the 
young plants. The weeds must be kept down. The ground should 
be cultivated after each irrigation to level the ground and make a 
dirt mulch on top to preserve the moisture. 


The beet crop in Colorado will need one, and possibly two or 
three, irrigations. The last irrigation should be given about six 
weeks before the crop is mature.* In 1895 a heavy rain in Sep- 
tember kept the beet crop in full growth until frost, and produced a 
crop with much less than the usual amount of sugar. 


The plants should be thinned when they have four leaves, 
leaving but one plant in a place. The distance between plants 
should be eight to ten inches. There is generally but little differ- 
ence in the weight of the crop in cases where the beets stand six, 
eight, and ten inches apart. It is easy to grow beets weighing five 
pounds each, where the soil is rich, by thinning to twelve inches, 
but such beets are inferior to beets averaging less than two pounds 
for sugar, and also for stock feeding. 


In thinning, the plants are cut out by means of a sharp hoe, 
leaving bunches of a few plants each, which must be thinned to a 
single plant by hand. 


The soil of Colorado is generally rich enough to grow several 
crops of beets without fertilizing, but it must eventually be fertilized 
in order to maintain the yield. 


* This is a general statement, and must be deviated from in special cases.—H 
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In case alfalfa ground is broken up beets should not be grown 
on it the first season, but rather a crop of wheat. This will put the 
soil in better condition and will rot the alfalfa roots. It is not ad- 
visable to grow beets more than two years in succession on the same 
ground.t Alkali ground may be an exception. 


If barnyard manure is used to fertilize the soil, the beets can 
advantageously follow a crop of corn. 


The best varieties are the Kleinwanzlebener and Vilmorin. 


The harvesting is done either by means of a beet puller or by 
plowing a furrow near the beets and pulling them by hand. 

The topping is done by means of a heavy knife. Topping 
machines have, as yet, not been successful. 


The factories work on beets hauled directly from the field up 
to the time freezing weather sets in. Beets to be used in the later 
part of the season should be protected from freezing; for this pur- 
pose they may be put into shallow pits and covered with straw and 
dirt, either near the factory in pits provided by them, or in the field. 


The cost of growing an acre of beets varies in different parts of 
the country, the size of area planted, the condition of the ground, 
etc. The range is from thirty to forty-five dollars, or from two to 
four dollars per ton. 


About eleven tons of sugar beets per acre at four and a half 
dollars per ton is a fair average crop, with a possibility of a much 
larger yield. Compared with alfalfa or wheat, the return seems 
large, but much more labor is required to produce it. 


Sugar beets have a high value for stock feeding. They have 
been fed at the College with good results, except where fed to steers. 
The beets seem to be too watery for profitable feeding to steers where 
the feeding is done out of doors in cold weather. It is advisable 
not to feed them to fattening lambs for the last six weeks before 
marketing, grain being preferable at this period, so that the flesh 
and fat may harden for shipment.* 


The tops are good feed for all classes of farm animals. They 
may be fed at once, as soon as harvested, or put in a silo and fed 
through the winter. 


The next record of results occurs in bulletin No. 42. In 1897 
we made an effort to enlist persons in different parts of the State in 
the raising of sugar beets. The Station has already established be- 
yond any doubt the adaptability of both the soil and climate of this 


{ Without fertilization. 


* The author does not make any statement as to the extent to which grain 
should replace the beets at this period, whether wholly or onJy partially.—H. 
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section of the State to the cultivation of the sugar beet, and also of 
that of the Arkansas valley, where the substation at Rockyford is 
located, but no co-operative work, including all sections of the State, 
had been entered upon. The Station received from the Department 
of Agriculture at Washington, five hundred pounds of beet seed, and 
from A. Keilholz, Quedlinburg, Germany, two hundred pounds. 
This seed was sent to six hundred and eleven persons residing in 
in forty-seven counties of the State. Most of the analyses of these 
beets were made by the Department of Agriculture in Washington. 
The State was divided into five sections, as follows: 

1. The valley of the South Platte and its tributaries. 

2. The Divide south of Denver, where crops are raised with- 
out irrigation. 

3. The valley of the Arkansas. 

4. 'The valley of the Grand. 

5. The San Luis valley. 

The varieties used were the Kleinwanzlebener, Vilmorin, and the 
Imperial White. As there were one hundred and six samples of the 
Kleinwanzlebener variety out of the one hundred and twenty-five 
recorded, no distinction is made between the varieties in this 


summary. 


The percentage of sugar in the samples from the Platte valley 
ranged from 11.5 to 20.0, the coefficient of purity from 73 to 86, 
and the crop in tons from 9 to 47. 


The percentage of sugar in the samples from the Divide sec- 
tion, grown without irrigation, ranged from 11 to 18, the coefficient 
of purity ranged from 71 to 87, and the yield in tons from 9 to 22. 


The percentage of sugar in the samples from the Arkansas val- 
ley ranged from 12 to 20, coefficient of purity from 73 to 86, and 
the crop in tons from 12 to 40. 


The samples from the Grand valley showed percentages of 
sugar ranging from 12 to 19, coefficients of purity ranging from 74 
to 86, and crops from 15 to 42 tons. 


The samples from the San Luis valley * showed percentages of 
sugar ranging from 11.5 to 17.9, coefficients of purity from 74.2 to 
86.9. 


The time of ripening of beets in Colorado will vary, of course, 
but the average of the samples taken between September 25th and 
October 10th is 14.1 per cent. sugar and 80.7 per cent. purity, which 
is an excellent grade of beet. To get the crop to ripen is the prin- 
cipal aim of the beet grower. The most important factor in this is 


* Altitude 7546 feet. 
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that the beet shall be kept growing all the time from the sprouting 
of the seed until the harvest. Some of the conditions on which the 
ripening of the crop depends are beyond the control of the grower. 
In Colorado it is true in general that the crop will not ripen until 
the vigor of growth has been checked by frost. The best means of 
determining whether a crop is ripe or not, that is, in condition to go 
to the factory, is by means of an analysis, but a good judgment can 
be formed by cutting a beet and noticing the rate at which the cut 
surfaces darken. 


The increase in percentage of sugar and coefficient of purity 
during ripening is about three per cent. for the former and about 
five per cent. for the latter. 


Some very suggestive facts relative to methods of culture were 
observed during this year’s study. Certain principles of beet grow- 
ing have come to be considered as essential to the production of the 
best beets. These principles were violated by most of the growers of 
beets this year, it being their first experience, and yet they obtained 
good results. It is said that beets should never be planted on new 
ground. This was violated with good results, giving, in one case, 
beets of 15.2 per cent. sugar and 82.4 per cent. purity, and in another 
19.4 per cent. sugar, and in others the beets were above the average. 
Ground which had been broken but one year gave uniformly good 
results. So, too, in regard to time of plowing and subsoiling. All 
writers on sugar beet culture agree that beets should not be planted 
on ground that has been recently manured. Sixteen persons report 
manuring with stable manure. The crops were late in ripening, 
but with three exceptions, the quality was good. The results as a 
whole indicate much more gain than loss from the application of 
stable manure. 


The hardest part of beet raising is to get a full stand all over 
the field. The poor growth of the seed is due to lack of moisture, 
too deep planting, and poorly prepared ground. The lack of mois- 
ture can be overcome in two ways—by irrigating before or after 
planting the seed. The latter seems to be more promising as a gen- 
eral method. Of fifteen persons trying this method, eight re- 
port having obtained a thick stand, being twice as large in propor- 
tion as those reporting a thick stand by depending on rain or the 
original moisture in the ground. 


Mr. Geo. H. West, of Greeley, contributed an interesting article, 
published in bulletin No. 42, containing the observations and con- 
clusions of his study of the subject, which he designates “ Growing 
Sugar Beets for Factories.” Mr. West studied this subject in Ne- 
braska, Utah, and New Mexico. Of the growing of beets in Ne- 
braska he says: The farmers are largely Germans, with some Rus- 
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sians. Women and children work with the men in the fields. 
Where a large acreage is in beets, the thinning, weeding, hoeing, pull- 
ing, and topping is done by contract. Laborers receive from fifteen 
to twenty dollars per month, the usual wages by the day being one 
dollar and board. On contract work the rate is from fifty cents to 
one dollar for boys; one dollar for men and women, without board. 
For a man and team, two dollars and fifty cents per day; for man 
and horse, one dollar and seventy-five cents. Land rent from three 
dollars and fifty cents to six dollars per acre. 


The average yield in 1897 was 7.25 tons, and the sugar ex- 
tracted by the factory at Norfolk was 10.95 per cent. The per- 
centage of sugar in-the beets was 13.1 per cent., purity 81.5 per 
cent. 


The Grand Island beet raisers averaged 8.1 tons per acre. The 
average percentage of sugar in the beets in 1897 is said to have 
been 12.87, and purity 79.5. The percentage of ‘sugar obtained from 
these beets by the factory was 8.72. 


The tables given show thatin 1897 the factories at Norfolk and 
Grand Island treated the largest tonnage and made the highest sav- 
ing attained up to that year. The range of farm wages is from 
fourteen to twenty dollars per month, with board; and from one 
dollar to a dollar and a quarter by the day. Women and children 
generally work on the contract plan. Many girls get a dollar a day in 
the beet fields, and prefer it to house work. Boys from ten to eighteen 
years of age receive from fifty to eighty cents per day, a man and 
team two dollars and fifty cents, and a man and horse one dollar. 
and seventy-five cents per day. Contracts can occasionally be made, 
as in Colorado, at two dollars per day for man and team. Land 
rentals range from four dollars to seven dollars per acre. The crop 
of 1897 is said to have been reduced fully one-third by drought. 
No beets are grown by irrigation in Nebraska. 


At Lehi, Utah, the conditions are said to be ideal for the growing 
of beets and running a sugar factory. The farms vary from five to 
forty acres in extent, and fully nine-tenths of them are worked by 
the owners. Mortgages are rare and the farmers prosperous. ‘The 
women do not work in the fields, and the girls seldom work there 
unless at home. Much of the hand labor is done by boys. The 
average acreage per grower is less than four acres. The highest 
average yield per acre was in 1896, 13.5 tons. The average per acre 
from 1891 to 1897, inclusive, was 9.44 tons. The highest average 
percentage of sugar in the beets was, in 1896, 13.9 per cent. The aver- 
age percentage from 1891 to 1897, inclusive, was 12.4 per cent. The 
average percentage of sugar extracted, 1891 to 1897 inclusive, was 
8.46. Land rentals range from $7.50 to $15.00. The soil shows a | 
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great diversity about Lehi, but is generally a heavier soil than the 
uplands of northern Colorado. 


The Eddy, New Mexico, sugar beet factory has been run for 
two seasons only, 1896 and 1897. The valley, though a natural 
fruit garden, lacks the farming population, and pernaps, too, the 
close, careful cultivation and knowledge of irrigation of the older 
farm districts of Colorado. In 1897 they grew 1,900 acres of beets ; 
yield, three tons per acre; percentage of sugar, 14.2; purity, 80 per 
cent.; percentage of sugar extracted from the beets, 10.53. 


The average cost of growing and delivering a crop of beets at 
Norfolk, Nebraska, is $26.50 per acre; the average profit, $11.04. 
The yields range from five to fifteen tons per acre. The net returns 
vary from a profit of $29.00 to a loss of $7.55 per acre. At Grand 
Island, Nebraska, the average was $28.73 per acre, and the average 
profit $9.27. The yield varied from five to twelve tons per acre, and 
the net results from a profit of $17.00 to a loss of $12.00 per acre. 
Mr. West puts the average cost of growing and marketing sugar 
beets in Nebraska at $30.00 per acre, and states that the officials of 
both factories put it at the value of seven tons of beets, or $28.00. 


The average cost of growing beets in Utah, not including land 
rentals, is put at $32.50 per acre. The average yield is stated at 
10.1 tons, but the yield for 1897 was 6.75 tons. Improved beet cul- 
tivating implements had not, at that time, been introduced into 
Utah, and this, with the higher land rental and cost of irrigation, 
raises the actual cost to probably $40.00 per acre. 


__ Relative to the profits of beet culture, Mr. West says: Large 
yields are regularly obtained by those farmers who do thorough, 
clean work, and intimates that therein lies a big secret of success. 


It is also pointed out that the labor question is a most serious 
problem in this industry. It is too important to be entirely passed 
over, even in a summary such as this. 


Concerning the feeding of pulp to cattle and sheep he gives re- 
sults obtained in Nebraska and Utah. At Lehi the pulp is placed 
in silos with addition of about one-half per cent. of its weight of salt. 
The cattle always have access to plenty of hay, pulp, and water. 


They never feed a pound of grain in fattening the stock, unless the pulp 
gives out. 


John Reimers, Grand Island, Nebraska, had had three years’ 
experience in feeding pulp to cattle. He fed fifty pounds of pulp, 
twenty pounds of corn meal, a little bran, and oil cake, and the 
usual amount of hay per day, as a full ration. Hake Bros., also of 
Grand Island, fed lambs a mixture of four pounds of pulp to one or 
_ one and a half pounds of corn meal, besides hay, as a full ration. 
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The results are highly satisfactory. The pulp is said by Superin- 
tendent Geo. Austin, of Lehi, to give the best results after ferment- 
ing in the silos for thirty days, and should not be fed sooner than 
this. 


The experiments made in 1898 are grouped as follows in bul- 
letin No. 51: 


1. Different dates of planting. Results in favor of early plant- 
ing in respect to yield, sugar content, and purity. 


2. Planting on freshly plowed ground as compared with planting 
on ground plowed a few days before planting. Resulted in favor of 
planting on freshly plowed ground hy 2.8 tons in yield, two per 
cent. in purity, and a slight excess in sugar. 


3. Seed irrigated at planting as compared with that not irrigated. 
Results obtained on the College Farm showed no advantage from 
this practice. The soil was a rather heavy loam and was moist 
at planting time. Good results have been observed from this prac- 
tice on lighter soils. 


4, Soaking seed before planting. Results did not show any 
gain from the soaking of the seed. 


5. Sowing at the bottom of a three-inch furrow. The resulting 
stand was not so good as that obtained by sowing at ordinary 
depths. The yield was once as good and twice poorer than that 
from similar rows of ordinary planting. The percentage of sugar 
and purity were not perceptibly different from other plantings. 


6. Different depths of planting. The depths at which the seed 
was planted were from one-half an inch to an inch and a half. The 
first series, planted May 11th in a wet soil, showed no difference, but 
the later planting, made May 27th when the soil had dried out con- 
siderably, showed an advantage in favor of the deepest planting, 
amounting in comparison with the shallower plantings to more 
than one-third of the crop. The stand, yield, and quality were all 
better than in the cases of shallower planting. 


7. Transplanting. Transplanted beets are usually ill-shaped. 
The yield may be good, percentage of sugar and purity high, but 
the method would not be a financial success. 


8. Different distances of thinning. The results obtained show 
that the distance apart of the beets, from four to ten inches, has but 
slight influence on the quality of the crop as to sugar and purity. 
In a general way the thicker stand tends to a larger yield, but there 
are exceptions to this statement. 


9. Different dates of thinning. The results show that the 
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thinning of beets can be extended over a period of two weeks with- 
out injury to the crop. 


10. Variety tests. Six varieties, Zehringen; Vilmorin’s Im- 
proved, grown in Russia; Kleinwanzlebener, grown by Vilmorin ; 
Pitschke’s Elite; Vilmorin’s French, very rich; and Schreiber’s Elite 
were grown side by side with Kleinwanzlebener, strain not given, 
with almost identical results in percentage of sugar and purity, the 
sugar ranging from 15 to 17.20 per cent., and the purity from 76 to 
81.9. The average of all the samples analyzed in this test is 16.04 
per cent. sugar, and 78.9 purity. 


11. Number of irrigations. At Rockyford, beets were grown 
without irrigation, with one, and with four irrigations. This‘experi- 
ment was of little value, being defeated by the unusually heavy 
rains of that season. 

At Pueblo, Mr. C. K. McHarg applied water to one-half of some 
experimental plots twice after the 20th of August, the other half re- 
ceiving none after that date. The two later irrigations produced an 
increase of one-seventh in the weight of the crop, and the percent- 
age of sugar was increased ; beets from the half irrigated late, con- 
tained 16.42 per cent. sugar, 81.0 purity, and those from the other 
half contained 15.79 per cent. sugar, 81.7 purity. 


12. American grown seed vs. imported seed. Two samples of 
American grown seed were used, one grown in Utah and the other 
in New Mexico, both were strains of Kleinwanzlebener beets. The 
imported seeds were the Original Kleinwanzlebener, Vilmorin, 
Mangold, and Elite Kleinwanzlebener. 


The Elite Kleinwanzlebener and the Vilmorin were sent us by 
the U.S. Department of Agriculture as the best beet seed that they 
could get. The Original Kleinwanzlebener was selected by the U.ah 
Sugar Company as, in their judgment, the best brand of seed on the 
market from which to raise their own seed. The Utah grown seed 
produced as large a crop and one richer in sugar and purity than 
the average of these three. It excels its parent strain in richness 
and purity, and is but little inferior in quality of crop. 


The New Mexico seed equals the Vilmorin and is not far be- 
hind the original Kleinwanzlebener. 


The germinating quality of the seed is quite satisfactory. 
In 1899 the questions whose solution were attempted were: 


Does it pay to subsoil? The results of ten tests made at this 


Station show an average gain of 18 per cent. in the weight of the 
crop as the result of subsoiling. 


Is it advisable to plant the beet seed very early? The average 
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crop from ten plots sown between April 10th and 20th was 27.7 
tons ; from ten plots sown between May Ist and 10th was 24.3 tons; 
from ten plots sown between May 15th and 26th was 20.4 tons; 
and from ten plots sown between May 31st and June 10th was 15.3. 


The percentage of sugar in these various crops scarcely differed 
at all, 0.76 of one per cent. being the maximum difference, and 3.2 
was the maximum difference in purity. The difference in crop, 
however, is very decidedly in favor of very early planting. 


The question of the distance between rows is recurred 
to again, and a former recommendation is repeated, 7. ¢, mak- 
ing the alternate spaces between rows narrower and wider. The 
distances advocated are eleven and twenty-seven inches. The chief 
advantage claimed is in irrigating, also an increase of crop. 


IRRIGATING UP THE SEED. 


Twelve experiments were made with irrigating up the seed, 
and a like number without irrigation. Of the twelve experiments 
with irrigation none failed, of those without irrigation two failed. 
The crops from the twelve irrigated at the time of planting averaged 
26.3 tons tothe acre. The crops from the ten plots which came up, 
but which were not irrigated at the time of planting, averaged 25.4 
tons to the acre. 

INSECTS INJURIOUS TO BEETS. 


The earliest observations on this subject seem to have been 
made by Prof. C. P. Gillette in 1894, when he records the leaf hop- 
pers Gnathodus abdominalis, Platymetopius acutus, and Agallia uhleri, 
as doing injury to beets in the vicinity of Grand Junction, also a 
mealy bug, Dactylopius solani, as infesting the crowns of the plant. 
The next mention of injury to beets by insects is in 1897, when the 
writer’s patch of beets was seriously injured by the leaf hoppers 
Agallia uhleri, A. sanguineolenta, A. cinerea, and the striped beetle 
Systena taeniata. Later Monoxia puncticollis, and also the blister 
beetle, Macrobases unicolor, did some damage. 

‘In 1899 the beet army-worm (Laphygma flavimaculata) made its 
appearance near Grand Junction, and was very destructive. It did 
not appear in injurious numbers in this locality in 1900. Prof. 
Gillette and his assistant, Mr. E. D. Ball, found but few specimens 
of either the first or second brood. Prof. Gillette (Thirteenth An- 
nual Report of the Colorado Agricultural Experiment Station) says 
of this failure of the insect to appear the second season: The very 
sudden appearance of this insect, which had never before been con- 
sidered injurious, in such destructive numbers, and its equally sud- 
den disappearance, is quite remarkable. Particularly is this so from 
the fact that the fall brood of worms in 1899 were but little parasit- 
ized, and the moths matured in enormous numbers. The latter 
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must have failed, for some reason, to winter over. These worms ap- 
peared on some experimental patches of beets at Lamar and Rocky- 
ford in 1899, and the first brood appeared in destructive numbers 
in 1900. The worms began to appear during the first week in June, 
and were abundant by the 14th, when spraying was begun. 
Late planted beets were not injured by them, except where they 
were planted near patches of weeds or earlier beets. The poisons 
were effectual, especially where two sprayings were made with Paris 
green. 


Other insects mentioned by Prof. Gillette as having been ob- 
served on beets and not already mentioned, are Nysius angustatus (often 
called false cinch bug), more or less abundant everywhere, in some 
cases causing beets to wilt and die. Deilephila lineata was found as 
an occasional feeder, especially where purslane was allowed to grow. 
(Mr. Ball’s notes.) 


Chemical Considerations, Bulletin No. 46. 


THE EFFECTS OF ALKALI. 


Sodic carbonate, or black alkali, when present in quantities 
equal to less than 0.1 per cent. of the weight of the dry soil, does not 
prevent a satisfactory germination, but a still smaller quantity, as 
little as 0.05 per cent. of the weight of the dry soil, will corrode the 
plants, both plumule and radical, causing their death. We have 
occasionally observed corroded plants in alkali ground, but in spots 
only. The ground experimented with was very strongly alkalized, 
the worst, in fact, that we had at our disposal. 


Sodic sulfate, or white alkali, does not prevent germination 
when present in quantities equal to less than 0.70 per cent. of the 
weight of the dry soil. No corroding by this salt has been observed. 


The effect of the black alkali, sodic carbonate, is not mitigated 
by the presence of the white alkali. The sodic salts hasten germin- 
ation by 36 to 48 hours. 


Magnesic sulfate, one of the constituents of our alkalies, re- 
tards but does not prevent germination. 


The beet plant can endure a larger amount of white alkali in 
the soil after it has become established. 


Alkalinity of soil did not effect date of ripening in a series of 
experiments made at the Station. 
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Alkali does not affect the sugar content of “beets grown on soil 
in good, or even fair tilth. 


The ripening of beets may be seriously affected by a rainfall, or 
untimely irrigation. The crop of 1897 showed this plainly. On 
September 8th the beets had already begun to ripen, from the 10th 
to the 14th, 0.74 inches of rain fell; on September 22nd the samples 
analyzed showed a lowering in the percentage of sugar present. 
This loss was not regained for nearly three weeks, the beets, how- 
ever, increased greatly in size during this time. 


The ripening in this case took place more suddenly than is 
probably usual, and corresponded to an increase of from 2 to 3.5 
per cent. in the different plots and is equivalent to about one-third of 
the total yield of sugar—that is, if the yield of sugar be 6,000 pounds 
per acre, 2,000 pounds is formed during the period of ripening. 


Beets were covered with straw and left undug until January 
7, 1898, with a slight gain in percentage of sugar and purity, show- 
ing that beets under favorable:conditions may remain unharvested 
without loss of sugar or weight of crop. 


Distribution of the sugar in the beets. In bulletin No. 11, it 
is stated that the amount of sugar increases in the successive sec- 
tions of a beet from the top downward. This is not sustained by 
bulletin 42, which shows that the upper third, including the crown, 
contains only about 0.2 of one per cent. less sugar than the lower 
two-thirds, and these, the lower two-thirds, cannot be said to differ 
at all; sometimes the second and sometimes the third third having 
the higher percentage of sugar, the difference always being so small 
that it is insignificant. 


SUGAR IN THE CROWNS. 


The crown as used in bulletin No. 42, is really a structural 
portion of the beet, and not any indefinite portion which may have 
chanced to grow above the ground. It is very rarely the case that 
sugar beets, Kleinwanzlebener or Vilmorin, grow above ground at 
all with us. The difference between the sugar content of the crown 
and the beet from which it is cut is about one per cent. The co- 
efficient of purity is lower than that of the beet, but not necessarily 
poor. The example given shows beets 16.1 per cent. sugar, 88.0 
purity ; crowns 15.1 per cent. sugar, 82.4 purity. 


EFFECT OF FREEZING ON BEETS. 


Simple freezing does not cause any change in the sugar. If 
thawing can be prevented the crop is not necessarily lost if 
frozen. 
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DRYING OUT OF BEETS. 


This takes place rapidly if the beets are exposed. Beets 
wrapped in paper and placed on the earth of a cellar bottom lost 
about five per cent. of their weight during the first twenty-four hours ; 
from this the daily loss fell to about two per cent., at which rate the 
beets continued to lose up to the seventeenth day. The percentage 
of sugar increased. 


The drying out of beets has another effect, it is accompanied by 
a loss of sugar. This loss varied in the experiments recorded from 
one-fortieth to one-sixth of the sugar present. 

The suggestion is made that the loss may be materially in- 
fluenced by the condition of the crop, the loss being greater in 
unripe beets than in riper ones. 


The yields recorded range from 7.9 to 11.8 tons per acre for 
sugar beets, and 15.9 tons per acre for Lane’s Imperial. 


The ratio of the weight of the tops to that of the beets was 
found in two ways. First, weighing the carefully removed tops 
and beets gave for sugar beets of different varieties ratios 
varying from 1:1.087 to 1:1.274, or the weight of the tops varied 
from 78.5 per cent. to 92.0 per cent. of the weight of the beets. The 
second method was to weigh the beets as harvested and the tops as 
removed from them. On removing these tops no part of the crown 
of the beet was taken. The result was that we found the ratio to be 
1:1.14. The general ratio obtained by the first method was 1:1.12. 
The weight of leaves as harvested in the field equalled 87.7 per 
cent. of the weight of the roots. The results obtained in the labor- 
atory gave their weight as equal to 89 per cent. of that of the beets. — 


The tops of beets grown on alkalized ground were relatively a 
little heavier than in cases where the ground was practically free 
from alkali. 


The tops increase but little in weight during the last six weeks 
of the growing season. The beets, on the other hand, gained 64 
per cent. of their weight at the beginning of this period. 


The beets ripened this season, 1897, the second week in 
October, and about one third of the total crop of sugar was deposited 
during this period. 


The percentage of dry matter in sugar beets increases with the 
maturing of the beet. In green beets harvested September 2nd we 
found from 8.8 to 14.6 per cent., with an average of 12.1 per cent. 
In mature beets it ranges from 17.0 to 20.5 per cent., and in ex- 
ceptionally favorable seasons it may be higher. Sugar forms a 


larger percentage of this dry matter in mature beets than in green 
or immature beets. 
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There is a little more dry matter in the top one third of the 
beet than in the other two thirds. 


Stock beets contain less dry matter than sugar beets. We 
found the dry matter ranging from 12.25 to 14.63 per cent. in 
mature beets. 


The marc or pulp, the portion left after the sugar and soluble 
matters have been washed out, ranged from 4.21 to 5.25 per cent. 
The average is about five per cent. 


For fodder analyses of sugar beets grown on alkali soil and soil 
free from alkali, of stock beets, beet tops, and marc or pulp, see 
bulletin No. 46, page 37. 


Alkali in the soil tends to increase the percentages of ash and 
albuminoids. 


The feeding value of dry pulp may safely be estimated as 
equal, pound for pound, to the dry sugar beet. 


One ton of sugar beets yields about four hundred pounds of dry 
matter, and only one hundred pounds of dry pulp. One ton of 
_ stock beets yields about two hundred and forty pounds of dry 
matter, which is richer in albuminoids and nitrogen-free extract 
than the pulp is; the pulp, however, is a by-product and the stock 
beets are not. 


The percentage of crude fiber in beets is quite irregular, but 
uniform)y higher in beets from alkalized ground than others. 


Alkali affects the composition of the beets more than that of 
the leaves. 


The percentage of ash in the beet ranged from 0.79 to 1.33 per 
cent. in immature beets, samples harvested September 2nd, to from 
0.95 to 1.39 per cent. in mature beets harvested October 13th. The 
average is 1.10 per cent. of ash in the fresh beet. 


Fifty-eight per cent. of the total ash constituents removed from 
the soil by the roots, and 70 per cent. of all the mineral constituents 
removed by the leaves, had been gathered by September 2nd. The 
accumulation of ash constituents continues until the period of 
ripening. 


The slight decrease in the percentage of ash as the roots ap- 
proach maturity is due to the rapid increase in the weight of the 
beets. There is no diminution in the amount of ash constituents 
in the crop. 


The influence of alkali, present in large quantities, is to in- 
crease the ash by about two per cent., reckoned on the dry matter. 
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The ash is quite evenly distributed throughout the beet, with 
a slightly larger amount in the top one-third, but the percentage of 
ash is higher in the dry matter of the bottom third. 


The ash of the beet has a pretty uniform composition, generally 
showing about 3.5 per cent. sulfuric acid, 7 to 9 (usually about 8.9) 
per cent. phosphoric acid, 48 to 52 per cent. of alkalies, 2 to 5 per 
cent. of lime, about 6 per cent. of magnesia, 11.5 to 14.5 per cent. 
of chlorin, and about 15 per cent. of carbonic acid in the fine ash. 
When the carbonic acid is higher than 15 per cent. either the 
phosphoric acid or the chlorin is correspondingly lowered. 


The composition of the ash of the leaves is quite different from 
the composition of the ash of the roots. The ash of the leaves 
contains from 3.5 to 3.9 per cent. of sulfuric acid, 1.8 to 2.3 per 
cent. of phosphorie acid, 23.7 to 25.7 per cent. of potash, 22.3 to 25.5 
per cent. of soda, 1.5 to 2.5 per cent. of lime, 6 per cent. of magnesia, 
23.3 to 28.5 per cent. of chlorin, and from 10.6 to 15.0 per cent. of 
carbonic acid. 


The composition of the ash of immature beets is the same as 
that of mature beets. The only exception to this statement seems 
to be the percentage of chlorin in the ash of the leaves, which in- 
creases so generally and uniformly that it suggests a relation 
between the degree of maturity and the quantity of chlorin. 


The soil, repeatedly referred to as alkalized, contained chlorid 
of sodium, or salt, equal to 0.025 per cent. of the weight of the air 
dried soil. This gives us 2,800 pounds of salt in each acre of soil, 
taken to a depth of two feet. The total water soluble in this soil 
varies from 0.09 to 1.4 per cent. of the weight of the air dried soil, 
taken also to a depth of two feet. The higher figure gives us the 
immense quantity of 49.0 tons of alkali per acre, consisting of 16.33 
tons of sodic sulfate, 17.64 tons calcic sulfate, 10.27 tons of magnesic 
sulfate, and 1.25 tons of ordinary salt. 


Continued cropping to beets would soon show a perceptible 
reduction in this quantity of sodic chlorid, especially if the leaves 
were carefully removed, but the ground water is rich in salts, and 


is capable of replacing this, as well as the other “alkali” salts 
removed. 


Stock beets, including leaves, remove, crop for crop, more soda 
salts than sugar beets do, but not ton for ton. 


The chemical work of 1898 and 1899 is recorded in bulletin 
No. 58, which continues the study of the effect of soil conditions on 


Oe era and quality of the beets, and the chemistry of thé beet 
itsell. 
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There were certain spots in which the seed failed to germinate, 
and the cause of this was not discovered. It was not explained by 
either a lack or an excess of moisture, nor was the alkali as excessive 
as in some other places. 


The plot experimented with was the same as that used in 1897, 
the results of which appear in bulletin No. 42. 


The rainfall for the months of July, August, September and 
October was 2.8 inches, the total amount received by the crop from 
the time of planting till harvested was about eight inches. The 
ground at the time of planting was wet, and the water plane was 
about two feet below the surface. The water fell about a foot in the 
next thirty days. An irrigation given July 8th to 11th did not 
suffice to raise the water to its earlier level, and it fell two feet in 
eleven days. The level of the ground water was not sensibly 
affected two hundred feet east of my plot by this irrigation. The 
water plane fell slowly from July 25th until early in October, when 
it reached its lowest point. The water plane from July 15th to 
October 10th ranged from three to four and one half feet below the 
surface at the east end of the plot, and there were but few beets in 
this section. At the upper and higher end of the plot the plane 
varied from 5.2 to 6 feet below, and the crop was excellent. In an 
intermediate section the water plane varied from 3.5 to 4.5 feet 
below the surface, with an abundance of alkali, and it yielded a 
good crop. The crop showed the need of water during the later 
part of the season, notwithstanding the high water plane. The 
ground had been kept as mellow as possible, and clean, having 
received five hoeings and five cultivatings. This plot of ground - 
was put in beets in 1899, and needed no irrigating, it having been 
sub-irrigated this season from higher ground lying to the west of it. 
The wetness of the ground interfered with the cultivation of the 
crop, but the mechanical condition of the soil was so much 
improved over that of previous years that the cultivation was much 
easier. In 1899 this plot was soaked, August 31st to September 2nd, 
and the crop left to itself. The crop from this plot in 1897 was, 
taking an average of all varieties of sugar beets, about nine tons; 
in 1898, thirteen tons; in 1899, fourteen and one half tons to the 
acre. ‘The increase in the crop is due to the betterment in the con- 
dition of the soil and a rather better stand. 


Application of manure, sheep manure in this case, improved 
the stand by at least ten per cent. 


The ripening of the crop of 1898 was entirely different from 
that of the crop of 1897. In 1897 there was a rainfall in Septem- 
ber, on the 14th, which interrupted the ripening. In 1898 the crop 
developed continuously up to maturing. No sudden increase in the 
percentage of sugar was observed as in the preceding year, when the 
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increase was from 2 to 3.5 per cent. In 1898 the greatest gain 
observed, which could be attributed to ripening, was 1.4 per cent. 
The varieties grown by the Farm Department remained almost 
constant from October 38rd till October 22nd, in only one variety 
was there a gain of as much as one per cent. The ripening of the 
crop is much more gradual some seasons than others. The same 
observations were made in regard to the effect of the alkali upon 
the quantity of sugar, coefficient of purity, and time of maturing as 
were recorded in bulletin No. 46, namely, that the effect of the alkali 
is not detrimental. 


The effect of the manure upon the sugar content and coefficient 
of purity, considering all of the tests, which, however, are not con- 
cordant with one another, is to lower both the sugar content by from 
0.5 to 1.2 per cent. and the coefficient of purity by from 0.1 to 3.1 
per cent. 


The effect of the manure on the shape of the beet was bad, and 
this effect was uniform in the six comparative experiments which 
were conducted. 


These effects of the manure were noticeable the second year 
after its application, but not in so marked a degree us they were the 
first year. 


_ The result the second year is probably due to the failure of 
the manure to thoroughly rot and become incorporated with the 
soil. 


Cut straw was also used as a dressing. Its effects were bene- 
ficial to the soil, but less in degree than those of the manure. Its 
effects upon the beets were not pronounced enough to permit the 
expression of a positive judgment. The results of this experiment 
are taken as corroborative of the opinion expressed elsewhere, that 
it is the mechanical condition of our alkali soils that preeminently 
needs improvement. That section of the plot which has been in the 
worst mechanical condition shows more alkali on the surface than 
the others. The water soluble in the soil, however, is greater in 
other portions of the plot. No attempt is made to formulate the 
relation existing between the mechanical condition of the soil and 
the amount of alkali present. These two factors are spoken of 
together as producing certain effects on the crop, but the opinion is 
expressed that the alkali, per se, is not the cause of these effects. 
This opinion is based upon the observation of spots where there is 
an abundance of alkali, but where the mechanical condition of the 
soil is better. No statement is made as to the extent of the 
influence of the alkali upon the mechanical condition of the soil. 
This point is left as an open question. The crops have improved 
each year, showing a mitigation of these conditions due to cultiva- 
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tion. This improvement is not due to drainage, for the water table 
has not been lowered and is seldom low enough to prevent 
capillarity from bringing moisture, and consequently salts, to the 
surface. An attempt was made to determine the direction and rate 
of the flow by introducing lithia salts into one of the wells, but it 
was found upon examination that the ground water contained lithia 
at all times. 


The effect of seasonal differences upon the crop was noticed in 
the greater amount of dry matter in the beets in 1898 than in 1897. 
The difference in the percentage of dry matter attributable to the 
seasons was from 3.0 to 3.75 per cent., about one sixth of the total 
dry matter in the beets. 


The question of the rate of drying out was taken up again with 
more care than in previous years, with about the same results, 7. e., 
that the loss for the first twenty-four hours was about five per cent. 
In this case, with a temperature of 57 to 66 degrees, the loss was 
4.39 per cent. It fell to two per cent. in a few days, and remained 
at this figure for twelve days. The effect of drying out is shown in 
its effect on the average sugar percentage in 1898. In this year we 
analyzed 813 samples. The average percentage of sugar is found 
to be 15.12, without making any allowance for the drying out. 
We succeeded in obtaining fairly reliable data in 336 instances on 
which to base the deduction which should be made, and find it to 
be 1.5 per cent., which gives us an average of 13.62 per cent. for the 
crop. 


The conclusions arrived at, as the result of many experiments 
to determine the relation existing between the size of the beets and 
their sugar content, are: That heets to be compared must be grown 
under the same conditions; that the conditions determining the 
percentage of sugar are so complex that no given weight can be 
accepted as a limit which, if exceeded, will indicate that the beet is 
not of proper richness and quality for the manufacture of sugar ; 
that when the large size is due to an excessive supply of plant 
food, or an unduly large feeding ground and a constant and very 
abundant water supply, the beet is quite certain to be low in sugar, 
but this will be true of all beets, large or small, grown under such 
conditions. 


Eight experiments, in which beets weighing less than one half 
a pound are compared with beets weighing more than two pounds, 
showed that the smaller beets were richer in seven instances and 
poorer in one. The maximum difference in favor of the smaller 
beets is one per cent., the least difference is 0.19 per cent. The aver- 
age difference is 0.50 per cent. The beets above one half pound in 
weight make the crop. The coefficient of purity is better in the 
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larger beets, or at least as high as in the smaller ones. The con- 
clusion drawn from another experiment is that too great a width 
between the rows tends to have the same effect as permitting beets 
to grow singly. 


In 1898 it was observed that certain over-irrigated spots had 
turned yellow. Analysis showed that these beets were richer in 
sugar than the beets growing adjacent to them, but which had not 
been over-irrigated, by upwards of three per cent., and the coefficient 
of purity was much better, ten per cent. This clue was followed in 
1899 with excellent results. The average percentage of sugar for 
beets grown by the Chemical Department in 1898 was 13.65. The 
average for all samples analyzed that season, 1898, was 13.62 per 
cent. The average for the season of 1899 was 14.69 per cent.* The 
effect upon the tonnage of the crop was not determined, but it was 
not materially affected in any observed case. 


This is unlike the effects of a late and inopportune rainfall. 
The bad effects of this are.probably due to the condition of the crop 
at the time of the rainfall, and not particularly to the amount of 
water that falls. 


Cultivation and manuring increased the amount of phosphoric 
acid taken up, but did not increase the percentage of ash in the 
fresh beet. The greatest effect seems to have been on the 
percentage of chlorin taken up, it having been lowered. 


The percentages of phosphoric acid, lime and magnesia in the 
ashes of the samples of 1897 and 1898 were very nearly the same, 
but in 1899 the percentages of the two latter substances increased 
by one per cent. each. 


The changes produced tend to bring the composition of the 
ashes more into harmony with the results of other observers, and 
indicate the tendency of cultivation and continued cropping to 
ameliorate the soil conditions and modify their effects upon the 
mineral matters taken up by the plants. 


The effect of the manure was of two characters, mechanical 
and as a fertilizer. 


__ The nitric acid in the ground waters was more variable and 
higher after than before the application of the manure. 


The total solids were also higher during the season immediately 
following its application. 


Heavy rains or an irrigation increase the amount of chlorin in 


* The average of all varieties, manured and not manured. The average for 
the not manured sections was 15.34 per cent. 
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the ground water. The increase was more pronounced and of 
longer duration after the manure was applied. The effects of the 
straw upon the soil lead the writer to attribute the effects of the 
manure principally to the organic matter in it, improving the 
mechanical condition of the soil and bettering its biological condi- 
tions, as indicated by the increased amount of nitric acid formed. 


Experiments made in 1897, 1898 and 1899 upon the effect of 
soaking beets in water at a temperature of about 42 degrees 
‘Fahrenheit for a period of seven days, resulted uniformly in show- 
ing an increase in the amount of sugar present, and also in the 
coefficient of purity. 


The reducing power of beet pulp was determined by extracting 
the beets with 80 per cent. alcohol until the extract no longer re- 
acted for sugar, then boiling with dilute hydrochloric acid and 
determining the reducing sugar thus formed and calculating it as 
pentose. The pentoses, or, as it is expressed in the bulletin, the 
reducing power, did not decrease as the beet matured. The rich 
beets showed higher percentages of pentoses than those showing 
lower percentages of sugar. The quantity of pentoses in stock beets 
is quite as great as that in sugar beets. 


Soaking seemed to diminish the quantity of pentoses present. 


The sugars present in the leaves of sugar beets in largest 
quantities are glucose and maltose. Cane sugar is present in small 
quantities only, or is entirely absent. 


CONCLUSIONS RELATIVE TO THE CULTURE 
OF SUGAR BEETS. 


A rich, loamy soil is best adapted to the growing of sugar beets, but any 
soil that will produce good crops of grain will grow beets, and even soils too alkali 
to grow grains will grow beets. : : 


Plowing is best done in the fall, subsoiling to fifteen or eighteen inches. 
Plowing may be done in the spring; in this case it is best to plow immediately 
before planting. In either case harrow quite smooth and even. 


Results at this Station show a gain of 18 per cent. in weight of crop, in 
favor of 3ubsoiling. 


The time to plant will vary with locality and soil. Harly planting gives 
largest crops. Good results have been obtained with plantings as late as June 
18th at this Station, and June 15th at Rockyford, but four series of tests of ten 
experiments each, made in different sections of the State, show an average excess 
of 3.4 tons of beets for the plots planted from April 10th to 20th over similar plots 
planted from May 1st to 10th; 7.3 tons over those planted May 15th to 26th, and 
12.4 tons over those planted between May 31st and June 10th. 


If the soil is wet, very shallow planting will give good results, but the best 
results are generally obtained by planting from one inch to an inch and a half. 
Deeper planting is not advisable. 


The distance between rows should be from 18 to 20 inches if in single rows. 
Mr. Watrous, in bulletin No. 21, recommends double rows 12 inches apart and 24 
inches between rows. He claims that they are more easily irrigated. Prof. 


Cooke, in bulletin No. 57, reeommends double rows 11 inches apart and 27 inches 
between rows. 


Good crops have been raised by planting small quantities, three to five 
pounds of seed to the acre, but it is advisable to sow eighteen or twenty pounds. 
to the acre. One of the most difficult things in beet growing in Colorado is to 
get a good stand. 


In order to get a satisfactory germination of the seed, one or other of 
the following methods have given the best results: Hither plant on freshly 
plowed soil with a good supply of moisture, or irrigate up. 


Cultivation should begin as soon as the plants show the drills distinctly 
enough to be easily followed, when the surface should be thoroughly stirred to 
kill the young weeds. The young beet plants must not be covered. 


Thinning may be begun as soon as the plants have gotten big enough, 
when they have four leaves, and may be extended over a period of two weeks. 
As the plants get larger, more care must be exercised on the part of the persons 
thinning, to avoid injury to the remaining plants. 


_ _ The distance between the beets in the row may vary from six to ten inches 
—eight inches on an average gives a satisfactory crop. There is but little 
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difference in the weight of the crop when the beets stand six, eight or ten inches 
apart. At twelve inches apart the beets are apt to attain an undesirably large 
size. 


The cultivation of the crop must be varied according to the character of 
the soil, Any instrument, the plow, the cultivator or special beet cultivating 
implement, which will put the soil in good condition without covering or other- 
wise injuring the plant, may be used. During the growing season the beets 
should be cultivated as soon after an irrigation as is practicable, to prevent en- 
crusting of the surface, to level the ground, and to make a mulch of fine earth. 


The number of irrigations necessary to raise a good crop will vary with the 
seasons. Mr. Watrous, in bulletin No. 21, says that in ordinary seasons, with an 
. average rainfall of 13.89 inches, one irrigation during the growing season is sufii- 
cient to produce the best results. Some experimeats made at Rockyford under 
Prof. Cooke gave the same result. The rainfall of that season was unusually 
heavy. Ifthe water is at the command of the grower, the beets should be irri- 
gated often enough to keep them growing continuously from the beginning of 
the season until the time of harvesting. Under this condition it pays to irrigate 
until late in the season. The difference in the halves of six plots, one half 
receiving no water after August 20th and the other receiving two irrigations after 
this date, was one seventh of the crop, in favor of the later irrigation. 


It would be difficult to designate the best variety. The various strains of 
Kleinwanzlebener and Vilmorin probably take precedence. The Lion Brand, 
Mangold and Zehringen have given excellent results. 


The plots grown under the direction of this Station or on the College 
Farm have given large yields. The average for ten counties of the State in 1898 
is given as 19.9 tons. In 1899 the averages for eight series of twelve plots each 
ranged from 15.3 tons to 27.7 tons per acre. The writer’s experience and observa- 
tion would lead him to put the average crop for this section of the State at from 
. 10 to 14 tons, ranging from six to thirty tons per acre. 


The average percentage of sugar in the beet will probably be not far from 
13 per cent., taken for a series of years; the range in the different crops will be 
between 10 and 20 per cen, 


The average coefficient of purity will be between 79 and 81; in very favor- 
able years possibly 82, in unfavorable years 77 or 78. 


The date of ripening will vary with time of planting, soil, season and 
treatment of the crop. The earliest harvesting of workable beets of which I have 
record for Larimer county is September 15th; sugar 14.71 per cent., purity 80.4. 


Our experience with transplanting beets is that the beets produced are of 
very ill shape, but may be rich in sugar, and yield well. 


The application of a liberal dressing of well rotted manure will lower the 
percentage of sugar and coefficient of purity a little, but the crop will be in- 
creased more than enough to compensate for this. 


Beets should not be permitted to dry out after being dug, as there is a 
loss of sugar. 


Freezing does not destroy the sugar in beets, but freezing and thawing 
injures the beets for sugar making. 


The beet is a vigorous feeder. A crop of 14 tons of beets would remove 
300 pounds of mineral matter, about one half of which, or 150 pounds, is potash, 
and 25 pounds is phosphoric acid. If the tops are taken off the field there will 
be a still larger quantity of these substances removed. The fertility of the soil 
may be maintained by the application of well rotted manure, and by a judicious 
rotation of crops. 


The trimmings of the beets make good fodder for cattle. The fresh tops, 
however, are apt to have a laxative effect. 
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The dry matter in the beet pulp is of rather more value, pound for pound, 
than the dry matter from the fresh beet. The pulp as obtained from the silo 
contains 90 to 92 per cent. of water. Slight fermentation is said to improve it. 


We have grown beets carrying as high as 19 per cent. of sugar in soil rich 
in “alkali” salts. The average percentages of sugar for the crops of 1898 and 1899, 
grown in such soil, were 13.65 and 15.34 respectively. The coefficients of purity 
were 84.6 and 80.8. t 


As arule medium sized beets are richer than either small or large beets. 
By medium sized beets is meant such as weigh from one to two pounds. Large 
beets, beets weighing from two to four or even many more pounds, may be as rich 
in sugar and have as high a coefficient of purity as beets of one pound or less, if 
grown under the same conditions. If not grown under the same conditions they 
cannot be compared. Even big beets grown under different conditions cannot 
be compared. Two beets, weighing respectively 2.88 and 2.90 pounds, grown in 
the same plot of ground within two hundred feet of one another, but under 
different conditions in regard to water supply, showed 10.45 per cent. sugar, 67.0 
per cent. purity, and 16.06 per cent. sugar and 85.1 purity. Big beets may be 
rich beets, the size alone is not determinative. se —. 

It has been stated that one irrigation may, under certain seasonal condi- 
tions, suffice to produce the best results in regard to crop and quality of beets. 
Under other conditions of the season or soil, or both, more irrigations will be 
necessary. The condition of the crop will determine how late in the season irri- 
gation may be profitably practiced. If the crop has already begun to ripen either 
a rainfall or an irrigation which causes a second growth will prove detrimental, 
but if the crop is in such condition that a second growth is not produced a 
late irrigation may do good. 


A late over-irrigation ofter does good, hastening the ripening and increasing 
the sugar. It has not been determined that it will uniformly produce this result. 
The character of the soil will probably modify the effect. 


The higher parks of the State are not adapted to this culture, but good 
crops of rich beets have been grown in the San Luis valley at an altitude of 
rather more than seventy-five hundred feet. 


The beet growing almost wholly under ground in this State, the loss in 


trimming is reduced toa minimum. lHxperiments indicate about 13 per cent. 
loss. 


The amount of sugar in the crown of the beet, as it grows with us, is about 
one per cent. less than there is in the beet. 


_ The cost of growing and harvesting an acre of beets will, of course, vary, 
but it is not far from thirty dollars per acre, exclusive of ground rent. 


The growing of this crop will be more successful and the cost often 
materially lessened by the exercise of good judgment on the part of the culti- 
vator. Specific rules for its culture, applicable to every case, cannot be laid down, 
and it must furthermore be remembered that even the very best rule can be so 
indifferently carried out that it may produce very poor results. No amount of 
experimentation can eliminate the difference between an intelligent, observing 
cultivator and one lacking these characteristics. Some land needs to be treated 
in a manner which would be wholly inapplicable in another case. Men who have 
tilled and irrigated their farm lands for years have learned how to treat each 
separate part of their farms. This knowledge is probably the secret of their 
success. No general statement regarding the culture of beets can be properly 
interpreted without taking these special facts into consideration. 
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THE COLORADO AGRICULTURAL EXPERIMENT 
STATION, 


FORT COLLINS, COLORADO. 


The Agricultural Experiment Station is principally supported by a fund 
appropriated by Congress. It is maintained as a Department of The State 
Agricultural College. Its object is original investigation in Agricultural Science, 
and dissemination of results of such investigations. 


Its publications are of four classes: 


1. BULLETINS—Over sixty are already published on various topics of 
agricultural interest. These are distributed, so far as the editions permit, to 
those interested in Colorado agriculture. Those published comprise bulletins on 
irrigation matters, alfalfa, sugar beets, barley and other field crops, cattle and 
sheep feeding, strawberries, small fruits and other garden crops, insects, etc. 
Lists of those printed can be supplied. Of those already printed, only the later 
numbers can be furnished. The bulletins are, ordinarily, supplied to those 
desiring them. 


2. ANNUAL REPORTS—These are largely administrative and technical. 
Not prepared for general distribution, and hence printed in smaller editions. 
Sent on request. 

3. PRESS BULLETINS—Shorter statements of experience in various 
lines, or investigation needing immediate distribution. Sent to papers and to 


special lists of individuals, according to the subject matter. A recent series, and 
issued as need arises. Eleven now issued. 


4, RIVER PRESS BULLETINS—These are weekly reports issued during 
the irrigation season, rendering information on the current water supply, ob- 
tained in pursuance of other investigations, available to the public. Issued in 


small numbers, sent to newspapers of northern Colorado and to interested 
individuals. 


No charge is made for any publication. Address: 
L. G. CARPENTER, Director, 
The Agricultural Experiment Station, 
Fort Collins, Colorado. 
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BULLETIN No. 1, SEPTEMBER, 1899. 


THE SUGAR-BEET CATERPILLAR. 


BY CLARENCE P. GILLETTE. 


The horde of caterpillars that have been devastating 
the beet fields during the past two weeks, between Palisade 
and Grand Junction, and that have occurred in small num- 
bers from Grand Junction west towards Fruita, require the 
prompt attention of all interested in the success of the sugar 
beet culture inthe Grand Valley, that the loss to this year’s 
crop may be quickly checked and that severe losses for the 
coming year may be averted. 

During the early part of the week (August 14th to 16th) 
the writer visited many beet fields in company with Mr. C. 
E. Mitchell and others, for the purpose of determining the 
nature and extent of the injuries, the length of time the at- 
tack is likely to continue, what remedies it will be best to 
apply, and other points of importance concerning the cat- 
erpillar. 

The insect was found in the fields in all stages of de- 
velopment, except the egg. The caterpillars varied in size 
from those that did not exceed a sixteenth of an inch to the 
fully grown individuals that measured from an inch to an 
inch and a fourth in length. A large proportion were half 
grown or more, and many had changed already to the 
chrysalis or pupa state, just beneath the surface of the 
ground. 

The fact that there are still many small worms makes it 
certain that the attack will continue to some extent to near 
the end of the present month (August). A quantity of the 
chrysalids were placed in suitable receptacles, and from 
them several moths, which are the adult insect, have ap- 
peared at this writing. The females are found to be heavily 
laden with immature eggs, and it is highly probable that 
within a few days these eggs will be deposited on or about 
the beets for a succeeding brood of worms. It is greatly to 
be hoped tliat the moths now hatching are only belated in- 
dividuals of the second brood and that another full brood 
will not appear this summer. However this may be, nota 
day should be lost in beginning the work of destroying the 
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caterpillars now upon the beets. If the present brood is al- 
lowed to mature, it means a greatly increased number of 
caterpillars to contend with next year. It is with insects as 
with plants. The greater the number allowed to mature this 
year, the greater will be the quantity of seeds sewn, and the 
larger will be next year’s crop. The old adage, “‘A stitch in 
time saves nine,” is more than doubly true when dealing 
with the destruction of insect life. 

The closest watch should be kept during the next two 
or three weeks for the appearance of small worms. If none 
seem to be present, look carefully among the small and ten- 
ne leaves at the base of the large ones, where they may be 

ound. 


REMEDIES. 


A moderate number of friendly insects were found 
about the beets. These were lady-beetles, Aphis-lions and 
ground-beetles, all of which were probably preying to some 
extent upon the small caterpillars. Birds were very scarce 
in the beet fields; the crow seemed to be doing more than 
any others of the feathered tribe to destroy the caterpillars. 
It is plainly evident that the natural enemies are far too few 
to be of much service at present in keeping this insect with- 
in proper bounds. Artificial measures must be adopted to 
save a good partial crop of sugar beets over the eastern 
portion of the plantations about Grand Junction this year, 
and without these measures the crop over the whole valley 
may be largely a failure another year. 

The caterpillars can be destroyed. The writer used 
both Paris green and kerosene emulsion, with satisfactory 
results, while at Grand Junction. The emulsion is more ex- 
pensive and needs to be applied very thoroughly to give 
good results. The caterpillars should be thoroughly wet 
with it. This remedy would be specially useful on those 
fields where the caterpillars are very abundant and of 
large size and where the tops of the beets have been nearly 
or quite devoured. The chief benefit from destroying these 
caterpillars will be to lessen the number of the next brood. 

By closely watching for the first appearance of the cat- 
erpillars when they are small, and then promptly and 
thoroughly treating the beets with Paris green or other arsen- 
ical poison, it is believed that the pest can be quite easily 
kept in check. 

The poisons may be applied in a watery spray in the 
proportion of a pound of poison to 100 gallons of water. 
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Apply with force in a fine spray, and be thorough, but do 
not continue the spray in one place until the drops run to- 
gether and carry the poison with them off the leaves. 
Where small patches are to be treated, a very simple method 
is to mix one pound of Paris green with about 20 pounds of 
common flour, and apply by dusting the mixture over the 
plants. This is readily done by placing a quantity of the 
poisoned flour in a small cheese cloth sack, which is held in 
the hand and shaken over the plants as the operator walks 
down the row of beets. This application can be best made 
when there is no wind and when there is a dew or rain upon 
the leaves to make the poison and flour stick. 


No. 2, APRIL, 1go0: 


COLORADO SUNSHINE. 


BYSLGs CARPEINEEE Ke 


The important effect of sunshine on plants, their 
growth and development, their aromatic oils, the color of 
their flowers, and the quality and color of their fruit, is well 
known. That it has an equal influence on the spirits and 
health of man, is also well recognized. In general it hasa 
beneficial influence on useful plants, while destructive to in- 
jurious ones, as molds, fungi, and bacteria. It is one of the 
most potent germicides. Most diseases cannot spread in 
the presence of sunshine. 

The following charts showing the sunshine day by day, 
throughout two years, are of more than passing interest, 
both from an agricultural and a sanitary standpoint. The 
record is made continuously at the Experiment Station. 

_ The full lines show the sunshine. The breaks in the 
lines show when the sunshine was interrupted by clouds pass- 
ing over the sun. The diagrams show at just what hours 
the sun shone on each day of these two years. Attention 
is called to the few days without some sunshine. May was 
the rainy month in 1808. 


; he record for 1897 is on one-half the scale of that of 
1596. 
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No. 3, MAY, 1900; 


THE BEET ARMY-WORM. 


BY CLARENCE P. GILLETTE, 


The caterpillar which did so much injury to sugar beets 
in the vicinity of Grand Junction last year will doubtless ap- 
pear again thissummer. While the insect has long been 
known to entomologists, last year was the first that it has ever 
been reported doing serious harm to any crop. 

While the life habits of the insect have never been 
studied, it seems probable, from what the writer could learn 
of it last summer and fall, that it has two broods in the 
course of a year. The caterpillars that were so abundant 
during August last year entered the ground and then ap- 
peared again as moths in September. There were few ene- 
mies to destroy the caterpillars and the moths hatched in 
enormous numbers. These moths, like house-flies and 
mosquitos, seek every available place of protection from 
winter's storm and cold that they may live (hibernate) 
until spring. When vegetation starts the moths, laden with 
eggs, go in search of beets or other plants furnishing suit- 
able food, to deposit their eggs and thus provide for an 
early brood of worms. If ten per cent. of the fall brood of 
moths survived the winter, there is serious danger that beets 
will fare worse this summer than they did last, unless grow- 
ers are early on their guard to make thorough and timely 
application of effectual remedies. Just here let me warn all 
against experimenting with new or patent remedies which 
some friend or vendor may think entirely satisfactory. Use 
such remedies very cautiously and sparingly at first, or do 
not use them at all. 

From what could be gathered last summer, it seems 
that there was a first brood of caterpillars at about the time 
for thinning the beets, which, in some cases, destroyed most 
of the plants after thinning. 


REMEDIES. 


Experiments tried last summer proved that the com- 
mon poisons, Paris green, London purple, and white arse- 
nic, will destroy the caterpillars if well distributed 
upon the beets. These poisons may be applied dry or in 
water. If the caterpillars appear upon the beets while the 


Il 


latter are smell, I believe the best method of application is 
to mix one part by weight of Paris green or London purple 
with twenty parts of common flour, and then dust the mix- 
ture over the plants before sunrise in the morning. In this 
strength a light dusting will be sufficient. The early applica- 
tion is recommended, because the leaves have then a slight 
amount of moisture upon them, which helps to hold the 
flour and poison. Just after the leaves are moistened by a 
shower is also a good time to make the application. 

To apply the poison, make a small cheesecloth sack 
about five inches in diameter and ten inches deep. Fill it 
with the mixture of poison and flour and walk along a row 
of plants shaking the sack over them. This can be done 
quite rapidly when one has learned how, is economical of 
poison, and does not require wheelbarrow or wagon to carry 
pump and tank. 

When the plants become large, as in case of treatment 
for the second brood, it will probably be better to use a bar- 
rel or tank and spray pump. 

If a spray is used, apply either Paris green or London 
purple in the proportion of a pound to too gallons of water 
and add two pounds of fresh lime for each pound of poison. 
The lime should be slaked and strained through a cloth to 
take out lumps. Then use a nozzle that throws a fine spray, 
and do not continue the application in any place long 
enough so that the drops sprayed upon the leaves will run 
together and flow off, carring the poison with them. 

If white arsenic is used, prepare according to the follow- 
ing directions: 

Put two pounds of white arsenic and eight pounds of sal soda together in 
a dish and boil for twenty minutes in two gallons of water, ana keep as a 
concentrated solution. Jf 72s extremely posionous and should be placed at once where 
there is no possibility that children or domestic animals can get it. Also, label rt 
“poison” in large letters. 

Then, in each 40 gallons of water, first slake four pounds of lime and 
then add slowly one quart of the concentrated solution while the whole is 
being stirred. ‘The mixture is then ready for application, as in the case of 
Paris green, The lime should be strained through a cloth to take out the 
lumps. 

I am advising the use of these poisons somewhat stronger 
than is common, but the experience of last year makes it 
seem advisable to do so. 

Growers should keep the closest watch of their beets 
this year, in order not to let the caterpillars get the start of 
them. I hope to be notifed of any appearance of these 
worms or other injurious insects promptly, and shall be glad 
to do all in my power to aid those who are anxious to save 
their crops from the attacks of such pests. 
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No. 4, JUNE, 1900. 
THE CANTALOUPE BLIGHT. 


BY H. H.-GRIFFIN, 


Rocky Ford, Colorado, has long been famous for its 
cantaloupes. Until of late the industry has moved along at 
a rapid pace, little disturbed by insects or plant diseases. 
The blight, or rust, was first noticed on a few patches in 
1896. There was an increase of the disease in 1897, more 
especially on the same fields, but its spread was not sufh- 
ent to cause much alarm. There was a vast extension of 
the disease in 1899 and the severity was much greater. The 
disease seemed to spread from a few well defined centres 
and grew less with distance from these centres. Many 
points in the Arkansas Valley report no injury. All evi- 
dence shows that the disease is not caused by any particular 
soil conditions, mode of irrigation, or peculiarity of climate. 

The station began to investigate the question in 1898. 
Prof. Crandall, in 1899, pronounced the trouble due toa 
fungus, a new species named by Ellis and Everhart ‘“Wac- 
vosportum cucumertum.” 

Seed taken from diseased melons was planted in 1899 
to see if the disease was communicated by the seed. Three 
rows, each 250 feet long, were planted May 12th. The mid- 
dle row was sprayed with Bordeaux mixture to test its eff- 
cacy as a preventative, or, should the disease appear, for its 
control. Sprayings were given to the middle row June 22nd, 
June 30th, July 22nd, July 31st and August 11th. At the 
time of the first spraying there was no appearance of the 
blight, but at the time of the second spraying it was noted 
that “something on the leaves that looked like blight” had 
appeared. Previous to the 19th of June the weather had 
been very dry, so that if any infection had been present it is 
not probable that ite spread would have been rapid enough 
to become apparent. After this moisture was plentiful; 
seven inches of rain fell in July; 5.14 inches in the week 
commencing July 14th. These rains submerged the vines 
and could not fail to wash off the spray. Atthe third spray- 
ing the blight was strongly in evidence. In August 2.22 
inches of rain fell and dews were prevalent. A decided 
benefit was derived from the sprayings made after the 22nd 
of July. The sprayed vines held up comparatively well, and 
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the fruit was of good quality. On the unsprayed vines the 
fruit ripened prematurely; they were insipid in taste, and it 
could be detected from which vines they were picked. The 
sprayed vines remained green and in a growing condition 
for two or three weeks after the others had succumbed. 
The plants grown from diseased seed did not seem to be 
more susceptible than those grown from seed from healthy 
vines. 
Other experiments were inaugurated in the latter part 
of July on a more extensive scale. Both the Bordeaux 
mixture and an ammoniacal copper carbonate solution were 
used on different vines at each place. The first spraying 
with the Bordeaux mixture was given July 27th and the last 
August 18th. The carbonate was first used August 4th and 
and the last spraying was made August 18th. 

The test was made on seven rows, each 275 feet long, 
the vines that were sprayed remaining in good condition 
fully ten days after the others were gone. The melons 
ripened slower, in better condition, and were of uniformly 
good quality. 

The results from the carbonate were not so pronounced 
as from the Bordeaux mixture. Theresults from the above 
work were so promising that it was tested on a still more 
extensive scale. About % of an acre of melons belonging 
to Senator Swink weresprayed. About one acre was sprayed 
for Mr. John Deweese, and one and three-fourth acres for 
Mr. C. S. Fenlason. Only one application was made at 
these places. These sprayings were done late in the season, 
when the blight was spreading rapidly. These melons were 
surrounded by others that were blighting badly. 

The work confirmed the result of the other trials. Mr. 
Fenlason sold 300 crates of good melons from his sprayed 
field. 

The virtue of the spraying lies largely in the ability of 
the melons to ripen properly, z.¢., to perfect the quality ; 
the benefit is not alone to the vine. 

It took 22 pounds of bluestone to spray the vines at Mr. 
Fenlason’s, which were very large. The estimated cost was 
$6.75 per acre. Had the work been done earlier the cost 
would have been much less. 


APPEARANCE OF THE DISEASE. 


The cantaloupe blight is caused by a true parasitic 
fungus. To the casual observer the first appearance is a 
large number of small brown spots upon the leaves in the 
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center of the hill. Ifthe younger leaves are examined, it 
will be seen when the fungus is at work some time before 
the brown spots make their appearance. It can be seen 
when the leaf tissue has been eaten away, and when the in- 
jured tissue dies the brown appearance occurs. These 
brown spots grow larger as the fungus kills the tissue, until 
they become so numerous as to envelop the whole leaf; it 
appears as though struck by frost. It is surprising how 
quickly the spray will prevent the enlargement of these spots 
upon the leaf. At the time spraying is required the melon 
vine is making quite rapid growth, which necessitates spray- 
ing at intervals in order to cover the new growths. 


HOW THE ACTION IS PERFORMED. 


It can be readily seen that if some material is put upon 
the leaves that will kill the fungus, without injuring the host 
plant, the desired action is performed. 

No fear need be felt that the bees will be poisoned. A 
number of hives stood near one of the fields treated, but no 
dead bees were found nor could it be seen that any injury 
resulted to them. . 

From the work of this season, we can advise that two 

or three spraying be given should the weather conditions 
prove favorable for the spread of the disease. If a dry 
season occurs perhaps the disease will not develop to any 
injurious extent. 
_ From our present knowledge we should say that the 
first spraying should be done about the middle of July, 
followed every ten days until two or more are given, de- 
pending upon the weather. It would be well to follow the 
first rains of July with a spray. 

Directions for making Bordeaux Mixture for use upon 
cantaloupes: 


Dissolve 6 lbs of bluestone. 
Slack 4 lbs. of fresh lime. 
When the lime has become cool strain off the milk, adding it to the 
bluestone. Add water until there are 40 gallons, 
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THE RUSSIAN THISTLE AS FORAGE. 


BY J. E. PAYNE, 


In many localities, the Russian thistle threatens to take 
possession of the land, in spite of all efforts of public-spirited 
people to keep it in check. 

In neighborhoods where it has taken possession of the 
land, it seems best to ask—Can it be used for the benefit of 
the people whose land it has invaded? 

The value of the Russian thistle has never been tested 
by a feeding experiment at any Experiment Station so far 
as we know, but the Minnesota Station has analysed the 
plants in various stages of growth. The following, copied 
from the Experiment Station Record, page 553, Vol. 6, 
gives the substance of Bulletin No. 34 of the Minnesota 
Experiment Station: 


“When young the thistle is claimed to have a high food value, espec- 
ially for sheep, which, some claim, are attracted to it merely on account of 
the salt which it contains. The chemical analysis shows a large percentage 
of ash material, amounting to nearly one-fifth of the dry weight of the plant. 
This is a serious objection to its use as a fodder plant, on account of the 
alkaline nature of the mineral matter present. One favorable point, as 
shown by analysis, is the large amount of nitrogenous matter present, being 
as much as there is in clover or rape. Before the development of the thorns, 
there is not much fibre present; at this time the plant is more valuable as a 
food than when mature. When the plant is ripe, the fibre and mineral 
matter make up half its composition, and although rich in nitrogenous mat- 
ter, the former elements greatly reduce its feeding value 

‘The ash analysis shows that the weed has strong foraging powers, 
there being large amounts of potash and lime taken up by the plant. The 
draft which the plant makes upon the sodium in the soil isa benefit to alkali 
lands. The amount of sodium present varies greatly with conditions, show- 
ing that the plant is able to adapt itself to the alkaline conditions of the soil. 
From the time the thorns are out until the plant matures it takes upa 
large amount of sodium from the soil, and only small amounts of other ma- 
terials, hence it makes the heaviest draft upon its soil while in an immature 
state, after which it takes but little essential plant food.” 


The following testimony concerning the use of Russian 
thistles as a food for stock has been gathered from men who 
have had more or less experience in feeding it: 


““Cattle eat Russian thistles, but they are poor feed.”’ 
CHAS. HACKENBERGER, 
Burlington, Colo, 
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“Cattle will eat Russian thistles in large quantities. They physic cattle.” 
THOMAS SHAMAN, 
Wallet, Colo, 


“Cattle eat Russian thistles. They seem to do well on them.” 
ELMER BRown, 
Wallet, Colo. 


“T am feeding my bulls, which I keep up, Russian thistle hay. Con- 
sider it good feed when cut before the thorns harden.”’ 
SAMUEL P. SHaw, 
Lamborn, Kansas, 


“During the winter of 1899-1900, I fed a part of my cattle millet, and 
the remainder, about 40 head, Russian thistle hay. Those fed Russian this- 
tles wintered fully as well as those fed millet. Fed none except during 
storms. Fed Russian thistles to those that were the best rustlers ’’ 

LEO THOMAN, 
Burlington, Colo, 

“In June, 1895, my cows fed on young Russian thistles. I never made 
better butter nor more of it than I did that month.’’ 

A. C. WILLS, 
Lamborn, Kansas, 


“My sheep eat Russian thistles, both green and dry. I think a patch 

of Russian thistles worth as much, for sheep feed, as the same area in grass,”’ 
Wm. LANG, 

Cheyenne Wells, Colo, 


‘“‘When I first began farming here, when wheat failed I had no feed 
for stock. Now, when wheat fails, Russian thistles take posession of the 
ground. I cut these and winter my cattle on them.” 


JOSEPH RUBY, 
Thurman, Colo, 
The investigation has not been carried far enough to 
warrant us in recommending the Russian thistle as a hay 
plant when there is plenty of other forage. But the above 
testimony convinces us that those whose land is occupied by 
the thistles should cut some and try them as a feed for stock. 
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A SO-CALLED BLIGHT CURE. 


BY CARL H. POTTER, 


The “Woodbury Blight Cure” as its name implies, is a 
proprietary article that has recently been placed on the 
market. This “cure” is guaranteed to be a certain remedy 
for the blight of apple and pear trees if used as directed, 
and a destroyer of insect pests as well. Two mixtures are 
sold by the company controlling the cure, a body wash and 
asummer spray. The claims for the remedies and the di- 
rections for their use, as set forth by the company, are as 
follows: * 

‘The body wash should be used at least once during the season, prefer- 
ably early in the spring on account of sun scald, but of immense benefit any 
time in the year. 

“The summer spray should be used at least three times during the 
season for the cure of the blight and the destruction ofinsect pests. It should 
be used after, or during, every severe electrical storm for an insurance 
against the twig blight. 

“Spray the first time when the trees begin to leaf, again from the mid- 
dle to the last of July. Follow these directions carefully, and we will guar- 
antee a cure for blight and the practical destruction of the codling moth and 
other injurious insects. The spray is beneficial and will promote a strong, 
healthy growth in all plant life, more especially on roses and vines. It will 
destroy slugs and green flies in the green-house.”’ 

On account of the fact that a large sale of such cure 
had been made, and that many inquiries had come to the 
Station, it seemed proper for a trial to be made. 

June 29, 1898, a number of bearing apple trees in the 
Station orchards were selected and prepared for trial. 
Four distinct series or lots of trees were treated, while the 
others, as similar as it was possible to select them, were 
wholly untreated. These entered the test merely as checks 
with which to compare the trees that were treated. All of 
the trees to which the remedies were applied were recorded 
as class “A,” while the untreated, or check trees, were 
classy, ©, ; 

The different series of trees comprised summer, fall, 
and winter apples, and varied from very slight affection of 
the twigs to quite severe cases of blight, in which many of 
the smaller limbs were entirely diseased, the blight even 
forming large and more or less concentric patches on the 


* From printed directions provided by tle company. 


18 


larger limbs about the bases of the smaller ones. The 
trunks were not very badly affected by blight, yet there was 
plenty present for a test. Those trunks that were rough, 
whether in class ‘“‘A” or class “C,” were thoroughly scraped 
before treatment. 

On the afternoon of June 29th the trunks and the lower 
portions of the limbs, to a height of about four feet from the 
ground, of the trees of class “A” were trca*ed to an appli- 
cation of Woodbury’s “wash,” the material being applied 
with a stiff paint brush. About one quart of the mixture 
was used for each tree. 

The following afternoon, June 30th, the same trees were 
thoroughly sprayed with the “spray mixture.” The mix- 
ture was used double strength, as the directions recom- 
.mended where an early spraying had. not been given. The 
material was thoroughly stirred and then diluted to the 
strength of 4 of-a quart of ‘‘wash” to 44 gallons of water. 
Five gallons of this diluted mixture were used on each tree, 
_the services of one man being constantly required to agitate 
the liquid in the box of the spraying pump. Blighted parts 
received especial attention. 

August 13th all of the trees in class “A” were sprayed 
as before, except that the spray or “cure’ was used as 
diluted in the proportion of one part of spray to 49 parts of 

water. November rs5th the trunks of all the trees in class 
‘““A” were washed as before. 

| April 18, 1899, the trunks were again painted with the 
wash, a very thorough job being done. ‘The trees were en- 
tirely dormant. 

April 21st. Trees sprayed as per directions. Still dor- 
mant. 

July 19th. Trees again sprayed as per directions. 

This completed the application of the remedies to the 
trees. They had been used nearly two seasons, and were 
carefully and conscentiously applied. Frequent and care- 
ful observations of the trees were made, not only during the 
“two seasons named, but extending through the season just 
closed. We have not been able to. detect, in any way, the 
slightest benefit to the trees as result of the use of these 
‘materials. 

Concerning the value of the spray as an insecticide, 
_ Prof. Gillette makes the following statement: 


“T have tes'ed the ‘Woodbury Blight Cure,’ summer spray, upon both 
_leaf-eating and sap-sucking insects, and in no ease did it seem to have any 
injurious effect upon the insects treated Leaves thoroughly wet with the 

solution were eaten by insects which afterward matured in perfect condition.”? 
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THE SEEPAGE MEASUREMENTS OF THE EX. 
PERIMENT STATION. / 


BY L. G. CARPENTER. 


_ One of the effects due to irrigation that is noticed in all 
countries is the seepage water which returns from irrigation 
and enters the streams. This is so much that streams 
may be drained dry and, within a short distance, again have 
an appreciable quantity of water. 

At the suggestion of Hon. B.S. LaGrange, President of 
The State Board of Agriculture, and at that time Water Com- 
missioner of District No. 3, a measurement was made in 1885 
of the Poudre River by the State Engineer’s office, and two 
others were made in 1889 and 1890. In 1891 the Experi- 
ment Station took up the matter to investigate in detail the 
amount and the laws of the increase. Such measurements 
have since been carried on annually on the whole length of 
streams in the State, from their exit from the mountains to 
the State line. These include the Cache ala Poudre, the 
South Platte, the Big and Little Thompson, the St. Vrain 
and Left Hand creeks, Boulder and South Boulder, Clear 
Creek, Bear Creek, the Arkansas from the mountains above 
Canon City to the Kansas State line, the Rio Grande from 
near Creede to the New Mexico line, and the Conejos. Of 
these, measurements have have been made for four years on 
the Arkansas and for five years on the Rio Grande, and 
the others for varying times. 

It has been the intention to extend these measurements 
to other parts of the State as soon as time and means per- 
mitted. During the past year, 1900, the measurements were 
begun on the Western Slope, and were made on the Un- 
compahgre River from Ouray to Delta. These measure- 
ments have required every foot of the streams to be passed 
over, every headgate visited, every stream that leaves the 
river, as well as those which flow into it,to be measured. This 
has required the traveling over, in detail, of very nearly one 
thousand miles of river during the past season, and from 
six to eight hundred miles for each of the past four years. 
In all, some five thousand miles, at least, of river measure- 


ments have been made. 
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A report, giving the results of investigations up to that 
date, was issued in Bulletin 33. This discussed the relation of 
the seepage to the area irrigated and to the amount of water 
applied, as well as the rapidity of the flow of the waters under 
ground, and showed that the value of this source of water 
supply amounted to several hundreds of thousands of dollars. 

This bulletin has been very widely quoted. The more 
recent measurements have been given in the annual reports 
of the Experiment Station, andin the report of the State 
Engineer. Bulletins discussing these measurements, and 
comparing them, will soon be issued by the Experiment 
Station. 

In addition to these measurements the Experiment 
Station has also made hundreds of miles of measurements 
on canals to determine the amount of loss by seepage from 
canals, the means of preventing the seepage, and the means 
of protecting lands from such damage. It is studying the 
character of the water used in irrigation, the amount 
of water used in irrigation, and other phases of the irrigation 
question. 
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POTATO FAILURES, 


BY W. PADDOCK AND F. M. ROLFS. 


The Experiment Station has received a number of in- 
quiries from potato growers in various sections of the State 
in regard to the failure of the potato crop in certain seasons. 
These failures seem difficult to explain, since there is little 
blight in evidence, and they occur with experienced grow- 
ers as well as with beginners, and on soil that would seem to 
be in a good state of fertility. In some instances the vines 
are said to have made a luxuriant growth and remained 
green until late in the season, but when digging time came 
the tubers were found to be much under size. In other in- 
stances a large growth of vines were found to have set an 
abnormal number of tubers which failed to develop. 

At first thought it would seem that some of the ele- 
ments necessary to the growth of the potato plants were 
lacking in the soil, and this may be true in some instances, 
but it will not explain all the failures. Certain fungi or 
plant diseases have been found to be abundant on the pota- 
toes in various parts of the State, which may have some- 
thing to do in producing these conditions. One of these 
diseases has been known in America as a potato disease * 
less than a year, though it has undoubtedly been present in 
our potato field for along time. In Europeit is considered 
to be one of the most destructive potato diseases. The fun- 
gus does not confine its attacks to potatoes alone, but is 
found in a great variety of plants, including alfalfa, clover 
and sugar beets. 

The disease attacks the potato plant just below 
ground, cutting off free communication between foliage and 
tubers. In extreme cases the plants may be killed, and 
much of the so-called late blight or early ripening of the 
vines may be due to this disease. 

The fungus lives over winter on the stems and tubers of 
the potato, and on various other plants. The fungus adheres 
to the tubers in the form of dark patches which resemble 
bits of soil, and which vary in size from that of a mere speck 


* Dugger and Stewart, Bulletin 186, p. 17, N. Y. State Experiment Sta- 
tion, and Bulletin 186, p. 68, N. Y. Cornell Experiment Station. 
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to areas a half inch or more in diameter. The fungus does 
not injure the potatoes directly. but it detracts from the ap- 
pearance of the tubers when offered for sale. But the im- 
portant point is, that when infected potatoes are planted the 
fungus is planted with them, and thus the disease is propa- 
gated year after year. 

The fact that the fungus attacks the roots of alfalfa com- 
plicates the treatment, since alfalfa is commonly used in the 
rotation of crops. If potatoes free from the disease are, 
planted on land which has been in alfalfa within two years, the 
chances are that the crop will be affected, providing there 
has been any of the fungus on the alfalfa plants. The. 
length of time that the fungus will live in the soil is not 
known. German authorities state that it will persist for at 
least three years. Neither has the kind of crop which 
should be grown on infected land to starve the fungus been 
definitely determined; however, it is not known to attack 
our common cereal crops. 

It is too early to recommend a line of treatment to, 
overcome the above conditions, since the cause of the trouble 
is not positively known, but potato growers who have been. 
troubled inthis way may find it profitable to take certain 
Sanitary precautions. Such measures consist in planting po- 
tatoes, on land on which potatoes, beets, alfalfa or clover 
have not been grown for at least three years, and potatoes 
that are free from disease should be used for planting. If 
there is reason to suspect that the seed potatoes are in- 
fected with fungi, they may be treated with corrosive subli- 
mate or formaline, as is recommended for potato scab. 


Formule for Treating Diseased Seed Potatoes. * 


Corrosive sublimate............. 1 ounce 

Weatent i cee cane see yeeeieer 8 gallons 
Dissolve the corrosive sublimate ‘n one gallon of hot water, then di- 
Jute with seven gallons of water. Allow the potatoes to soak one and one- 
half hours. When dry they may be cut and planted, though it has been. 
found to be a good practice to treat the potatoes a week or more before plant- 
ing, si ce thetreatment may retard germination if done just before planting. 


Corrosive sublimate isa deadly poison, and it should be used in wood- 
en or earthen vessels, since it corrodes metals. 


HoOnmMaline tno nae oti scee eee 8 ounces 
Water... halk Mica eee 15 gallons 
Soak the potatoes two hours in this solution, preferably but a short 
time before planting. This solution is somewhat more expensive than the 


corrosive sublimate treatment but bas the advantage of being non-poison- 
ous, and it may be used in any kind of a vessel. 


* Jones, L. R., and Edson, A. W., Vt. Sta. Bul., 85. 
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SUNSHINE FOR 1900. 


BY L. G. CARPENTER- 


While the pleasure afforded by a sunny day is of com- 
mon experience, the value of sunshine as an element in the | 
climate, whether from the standpoint of health or spirits or © 
of agriculture, is not often given the importance it deserves. . 
Until recently no attempt has been made to record the 
amount or intensity, even in those places specially interested 
in agricultural meteorology. 7 

A certain amount of sunlight is recognized asa neces- ; 
sity for plant growth, for without it the development will be | 
absent or unhealthy. With an increase in sunlight there is : 
almost always an improvement in quality, andin the amount | 
of essential oils; or in special qualities, as in sweetness, | 
and an increase in the color of fruits and flowers. There - 
is a decrease in the prevalence of certain diseases with direct 
sunshine. It has been known from time immemorial that | 
dirt and darkness were conditions favorable for disease, . 
while cleanliness and light were unfavorable. Molds and | 
fungi, and the invisible but perhaps more important bac- 
teria, do not thrive in sunshine. Even in diffused light few 
bacteria develop, and direct sunshine is destructive to most, 
if not to all, injurious forms within a short time. Sunshine | 
and the drying action of the air are unfavorable to such 
forms of life, and are Nature’s chief disinfectants. 

A sunny climate or asunny home is thus more apt to 
give the conditions for such physical health as are necessary 
to permit of sunny dispositions. 

The charts show the amount of sunshine at Fort Col- 
lins for 1900, as recorded by an automatic photographic re- 
corder and then transferred to the diagram. 

A line is given to each day. The black line shows the 
duration of the sunshine and the hours at which it shone. 
When broken or absent, clouds are indicated. The longer 
the break, the longer the duration of the cloudiness. The 
diagram therefore shows the exact hours at which the sun 
shone during the year. It is noticeable that the forenvon 
had more sunshine than the afternoon, and that the winter 
months had compzaratively little cloudiness. The relative 
amounts vary in different seasons, as a comparison with the 
charts in Press Bulletin No. 2 of 1900 will show. 
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CONCLUSIONS RELATIVE TO THE CULTURE 
OF SUGAR BEETS.* .. °° | 
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BY W. P. HEADDEN. . : ; 


* This appears as a Summary of Bulletin 63. A Resume of the Publi-; 
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HOW TO FIGHT THE CODLING MOTH. 


BY CLARENGE, -P.-GILEET TE. 


Many orchardists spray for the codling moth and still 
grow very wormy apples. The writer knows of an orchard 
near the Experiment Station that was sprayed with an. 
arsenical mixture three times last summer and in -which. 
fully 80 per cent. of the fruit was wormy at the time of pick- 
ing in September. Another orchard in the same neighbor-; 
hood was sprayed twice and had less than 2 per cent. of 
wormy fruit at picking time. What made the difference? 
Why is it that one man sprays his orchard and has very lit-’ 
tle wormy fruit and his neighbor, who also sprays, :has 
nearly all of his apples wormy? This is a question often 
asked and frequently difficult to answer satisfactorily. That 
a reason exists for the different results there can be no 
doubt. The object of this paper is to give the best direc- 
tions that we can at present for the successful treatment of 
this insect. Perhaps it will explain to some why they have 
not met with better success in the past. 


WHEN TO SPRAY. 


No date can be fixed upon, yet spraying must be done at 
the vight t7me if the best results are to be obtained. The 
vight time is immediately after the blossoms fall and before 
the calces of the forming apples close. If there are belated 
blossoms on the trees after the great mass of bloom has 
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fallen, do not wait for them if some of the calces are clos- 
ing. If the trees do not all bloom nearly together, spray 
the early blooming trees first and then in a few days spray 


the others. Repeat the application in one week, or, at the 
latest, ten days. 


HOW TO SPRAY. 


Be thorough with the work. It will take more time and 
material, but if spraying for this insect will pay at all it will 
pay best to do the work well. Use a nozzle that throws a 
medium fine spray, not a mist, and direct it so that the 
liquid will be thrown zzfo every blossom or calx. A misty 
spray will not carry as well into the blossoms. To makea 
thorough application, it will be necessary to direct the spray 
from, at least, two sides of the tree, and if the tree is large, 
it will be almost necessary to apply from all four sides. In 
many orchards the trees are so closely set, so large, and 
poorly pruned, that it is impossible to make a thoroughly 
good treatment for the destruction of codling moth larvae. © 

The one who directs the nozzle for the spraying will 
find it a great advantage to be elevated as high as the bed 
of a wagon box at least. If the trees are large, it will be 
well to use a step-ladder or a dry goods box in the wagon 
to elevate him still more. 


NUMBER OF APPLICATIONS. 


Orchardists differ widely in opinion as to the number 
of applications that should be made. Some, noticing that 
the worms are most abundant late in the summer, think 
that spraying should be continued throughout the season of 
growth and report excellent results from spraying five or 
six or more times. However, it is the opinion of those who 
have tested the matter most thoroughly at the various 
experiment stations of the country that it does not pay to 
spray more than twice, if the two applications are properly 
made at the best time. 


POISON TO USE. 


Here again opinions differ. Probably Paris green is as 
effectual as any if well applied and if the liquid is kept 
thoroughly agitated during the spraying. Scheele’s green 
would probably be as effectual as Paris green, is cheaper, 
and remains in suspension in water better. London purple 
and arsenate of lime are readily kept in suspension in water 
but are slower in their action than the above mentioned 
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poisons, and probably less effectual in their death-dealing 
power. They have the advantage of being very cheap. 
Arsenate of lead is kept in suspension without difficulty and 
is remarkable for its adhesive quality and its entire harm- 
lessness to foliage unless used in great excess. It kills 
slowly and its value for the destruction of the codling moth 
has not been very definitely determined. 


PREPARATION OF THE POISONS. 


Parts green, Scheele’'s green and London purple may be 
used in the proportion of 1 pound to 160 gallons of water. 
It is best to mix the poison in a small amount of water first 
and then in the full amount for which it was prepared. For 
each pound of poison used, add to the water one or two 
pounds of freshly slaked lime. This will lessen the liability 
of the poison to burn foliage. 

Arsenate of lime, by the Kedzie formula is prepared as 
follows: ‘Boil two pounds of white arsenic and eight 
pounds of salsoda for fifteen minutes in two gallons of 
water. Put into a jug and label ‘poison’. When ready to 
spray, slake two pounds of lime and stir into 4o gallons of 
water, adding a pint of mixture from the jug.” 

If this formula is followed, be sure to usea full measure 
of fresh lump lime, otherwise some of the arsenic will be 
left in solution in the water and will kill the foliage. 

A somewhat simpler method of preparing arsenate of 
lime is to boil together for three-quarters of an hour 1 
pound of white arsenic, 2 pounds fresh lime, 1 gallon water. 
Use one quart of this to an ordinary barrel of water (about 
4o gallons). 

_ _Ifa stock solution of this poison is kept, be sure to label 
it plainly “poison,” and it would be well to put in some kind 
of coloring matter besides. 

If arsenate of lead is employed, use not less than one 
and one-half pounds to 50 gallons of water. Lime need not 
be added to this preparation. 

If more than two applications are made, do not use the 


- poisons in more than two-thirds of the above strengths after 
the second treatment. ; 


OTHER REMEDIAL AND PREVENTIVE MEASURES. 


Bandages of burlap or other cheap fabric placed about | 
the trunks of the trees from the middle of June till Septem- 
ber will collect large numbers of the larve which gather be- 
neath them for the purpose of changing to the pupa and then 
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to the moth stage. If these bands are removed once ina 
week or ten days, quite a large percentage of the worms may 
be collected and destroyed. A bandage four inches wide 
and having two or three thicknesses of cloth is of good size 
and may be held in place by means of a single carpet tack 
thrust through the overlapping ends into the bark of the 
tree. A band thus held may be quickly taken off and 
replaced. 

Gathering and destroying fallen frurt, either by hand or 
by means of hogs or sheep turned into the orchard, will help 
some to keep the codling moth in check, but most of the 
worms leave the apples before they fall. After apples have 
lain on the ground for three or four days almost no worms 
can be found in them. 

Protect cellar doors and windows with screens wherever 
apples are kept so that moths hatching in the cellar cannot 
escape to the orchard. 

Clean culture and the removal of all rubbish in and 
about the orchard will make it more difficult for the worms 
to find a suitable hiding place for the winter. 

Scraping the loose bark from trunk and branches will also 
remove many safe hiding places for worms during winter. 

No one should be discouraged because he does not meet 
with as complete success in the use of the above remedies 
as he had hoped the first year. He who persistently and 
intelligently uses them through a series of years will be 
almost certain of a degree of success that will canvince him 
of their value. . 
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A SoIL StTuDY: 
mart tlh? oe pa Seme 


By WILLIAM P. HEADDEN, A. M., Pu. D. 


[For convenience of reference the principal paragraphs are MELONS and 
a table of contents placed at the end of the bulletin.) 


§ 1. Bulletins 46 and 58 contain the results of our observa- 
tions upon the effects of the mechanical condition, the “ alkalis” 
contained in, and the general properties of this soil upon the crops 
grown on it. This bulletin forms the continuation of our study, 
and will treat of the soil itself. The preceding bulletins have treated 
of the crops; this will have nothing to do with them. 

The crops grown were, with one exception, sugar beets. This 
soil, judged by the crops it has yielded, is abundantly rich in plant 
food. The crops obtained are more conclusive in regard to this 
point than the indications of the chemical analyses. In this case, 
however, the two methods of judging lead to the same conclusion, 
i. ¢., that any failure of plants to grow is not due to a lack of fertility. 


REASONS FOR CHOOSING THIS PLOT OF GROUND. 


§ 2. The choice of this particular piece of ground for study 
was determined by the fact that it was considered to be the most 
strongly alkalized plot to be found on the College Farm. It had 
been cultivated previously, but no crop was obtained. It was next 
set to forest trees, but tne most of them died, only a very few sur- 
viving the first season, and the surviving plants were unhealthy. 
The roots of the young trees which were set out in the spring of 
1896 were blackened by the soil, and did not seem to have grown 
at all. There is no reason to doubt but that this was due to the 
soil conditions, for the mortality among the plants varied with the 
soil in which they were set. In portions of this forestry plot, which 
included the plot made the subject of this study, the young trees 
lived well, whether they made trees or not. The soil and its condi- 
tion, however, was quite different. This fact eliminates several 
questions, such as the condition and vitality of the young trees at 


4 BuLLeETIN 65, 


the time of setting, the manner of setting and their subsequent 
treatment. The failure of the forestry experiment in this portion 
of the plantation was quite certainly due to the soil. To be more 
specific, it was due either to the salts present in the soil, to the soil 
being so wet as to prevent a sufficiently free access of the atmos- 
phere, or to some other unfavorable condition. The presumption 
was that such large quantities of salts as were evidently present 
were quite sufficient to prevent, by their direct action, the develop- 
ment of the plants without considering their effect upon the soil. 


OUR ORIGINAL OBJECT EXTENDED. 


§ 3. The primary object of the study was to determine, if pos- 
sible, the effects of these salts upon certain crops, to see if their ac- 
cumulation could be prevented or hindered by cropping, or even 
removed by cropping to sugar beets after they had accumulated to 
the extent of producing a decided alkalization of the soil. As we 
stated in Bulletin 46, the beet crop did not remove more soda salts 
from the soil under these conditions than under ordinary conditions, 
and it became necessary to extend our study in order to obtain an 
answer to our inquiry as to how we could ameliorate such condi- 
tions. The question assumed such shape that we found ourselves 
almost compelled to address ourselves to the study of the soil itself. 


THE APPLICATION OF GYPSUM NOT ADVANTAGEOUS. 


§ 4. There is a general impression entertained by some that 
the application of gypsum to our alkalized soils would mitigate the 
bad effects of these salts. This opinion has found some support 
from the results of its use in California. The cases are entirely dif- 
ferent. We have not the conditions that the Californians have, and 
the benefits obtained by the application of gypsum in their case, 
will not appear in ours. The character of our “alkali” is such that 
‘we cannot expect any benefit from the use of gypsum. In our par- 
“ticular case its addition would be a waste of material and a loss of 
labor, the soil being already so full of this salt that it can easily be 
recognized as crystalline aggregates disseminated through the soil, 
often giving it a mottled appearance. The addition of more gyp- 
‘sum under such conditions would be utterly useless. 


THE CHARACTER OF THE SOIL. 


§ 5. The soil itself, as was stated in Bulletin 46, varies in its 
character from a loamy soil with a calcareous, clayey subsoil, to a 
fine alluvium resting upon a stratum of gravel, separated from it 
by a rather compact clay, but with no proper hard pan. The whole 
soil is very retentive of moisture, and it is difficult to determine 
whether there is any direct draining of the water from the alluvial 
soil above into the gravel stratum below or not. The configuration 
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of the surface would justify the assumption that there is no hydro- 
static pressure upon the water in the gravel stratum ; at most it can 
scarcely be enough to force the water through the clay into the soil 
above. This would lead us to the surmise that the water in the 
gravel may be entirely different from the water in the overlying 
soil. Analyses made in the early part of our work corroborated 
this view. 


DRAINAGE. 


§ 6. The drainage of the area, of which the plot under obser- 
tion forms a part, is into the Cache a la Poudre river, at a point about 
one and three quarters miles below the town of Fort Collins. There 
is at present an open ditch running through this swale for a con- 
siderable distance, and the College management has laid tile drains 
for a long distance, serving to extend the drainage system almost to 
the line of the College property. The lateral drains are laid with 
four inch tiles; the main drains with six, eight and ten inch tiles. 
On the lower portion of the property there are two drains, laid with 
eight and ten inch tiles. These drains are parallel for a portion of 
their length and in part divergent. 


§ 7. A study of the country shows that this swale was form- 
erly the bed of a considerable stream formed by the union of 
streams issuing from the foothills through Spring, Dixon, Soldier 
and probably what is now the Poudre canon. This fact accounts 
for the strata of gravel and sand encountered in and along the 
margins of the swale. 

The foundation of the Chemical Laboratory, situated on the 
north side of the swale, had to be put down to a depth of 20 feet 
on account of quicksands. At this depth, however, the workmen 
encountered a stratum of course gravel. 

The fall from the plot of ground under observation to the 
Poudre river is about 150 feet, more rather than less. This old 
water course is now filled up. Ten or twelve years ago this plot 
of ground was very wet and boggy, the principal vegetation being 
eat-tails. This condition was undoubtedly due to the character of 
the soil, which, as I have stated, is very retentive of water. 


ORIGIN OF THE SOIL. 


§ 8. The source of this soil is evident and will not account for 
the alkali salts or its physical properties. The gravel, where there 
is any at all, is clearly granitic, and can not be the residue from the 
breaking down of the younger formations of the foothills and plains. 
The mechanical analysis of the soil shows that even the finest sand 
is granitic and has’ been derived from the mountains within the 
foothills, carried and deposited by the waters which at one time 
had this swale for their bed. The only evidence that any of the 
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soil material is of different origin is the occurrence, now and then, 
of a fragment of an impure limestone, which lies just out side the 
first hogback and belongs to the Fort Benton group or of sandstone 
belonging to the Juratrias. These fragments are quite rare and 
are the only definite proof that I have discovered that any portion 
of the soil has been derived from any other source than the granitic 
area of the mountains proper. The abundance of mica and red 
orthoclase in the coarser portions of the soil, and even in the silt, 
leaves no doubt but that this is the source of the material. 

Some of the material may be the residue of strata belonging to 
formations of later or post cretaceous times, whose removal by 
waters, now represented by the Poudre river, has left some of this 
material. This is undoubtedly true of much of the plains soil, but 
probably only to a very limited extent of the soils of these old 
water courses. 


SOURCE OF THE ALKALIES. 


§ 9. The alkalies are not so easily traced. The explanation 
offered for the presence of alkalies in the soils of arid regions is as 
true here as elsewhere, but these general facts are not applicable in 
the explanation of the particular cases with which we meet in Colo- 
rado agriculture. It is a well known fact, one long since recognized, 
that the shales of several of the cretaceous groups contain a remark- 
able amount of these salts, designated by the general term alkali, 


including sodium, calcium, and magnesium as sulfates, carbonates, 
and chlorids. 


GENERAL COMPOSITION OF THE ALKALIES. 


§ 10. Analyses of incrustations from various parts of the State, 
and of waters from both ordinary and artesian wells, show the very 
general distribution of these salts. They also corroborate the obser- 
vation of their presence in the shales and other rocks which, what- 
ever may have been the origin of the salts, serve at the present 
time to furnish the alkalies to the waters percolating through them. 
The following figures, representing the general composition of the 
alkali, will serve to illustrate the general application of the asser- 
tion. An incrustation from the College Farm showed : 


Caleicasultates. aac, . == 25.451 per cent. 
Magnesic sulfate ____ ----_19.798 per cent. 
podicsulfate so aea wee es 41.748 per cent. 


The ground water from about five feet below the surface yielded 
an abundant residue, composed of : 


Calciexsulfatest soon eeane 35.648 per cent. 
Magnesic sulfate -_-_ _____ 28.750 per cent. 
Sodic sulfate 


hare Lee ----11.893 per cent. 
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A surface well, 28 feet deep, yielded water giving a large resi- 
due, of which these salts formed 74 per cent., as follows: 


Gare sulfite: ac ceS nee 15.206 per cent. 
Magnesic sulfate --_- ____ 29.059 per cent. 
SOIC ROUEIC.2 oe oe oe 29.865 per cent. 


An artesian well, supposed to tap a water bearing Dakota 
sandstone and having a depth of 845 feet, furnished a water carry- 
ing 79 grains of total solids in each imperial gallon, of which 83 
per cent. consisted of these salts, as follows: 


Galeic salfates< 202545... 12.036 per cent. 
Magnesic sulfate-___ -_ ---- 10.473 per cent 
pedic sulfates. 2. 60.758 per cent. 


It is evident, not only from observation, but as is also indicated 
by such figures as these, that it is not at all necessary for the agri- 
eulturist to question in regard to the immediate source of the salts 
included under the general term alkali. They are so abundantly 
present in the rocks and waters, even in waters from considerable 
depths, that there is no need to seek further for their supply. The 
questions relative to their more remote origin and how it happens 
that the shales and even the sandstones are impregnated with these 
salts can be left to the geologist without serious inconvenience in 
studying the questions with which our agriculture has to deal. 
They are here, and in cases where the drainage of any larger area 
accumulates in a small basin, alkali salts will be brought together 
and under proper conditions will appear as an incrustation. This 
does not take place unless the water plane is at a less distance from 
the surface than that through which capillarity can raise the water 
in the particular soil. This was the case in the soil in question, the 
incrustations accumulating to a maximum thickness of upwards of 
one half inch. The incrustations being most marked in early sum- 
mer, but also during the winter when the condition of the weather 
was favorable. 

Relative to the origin of such quantities of sulfates in these 
rocks and soils, the possible supply is abundant, for throughout the 
mountain masses we find sulfids disseminated everywhere and we 
have an almost inexhaustible source of sulfuric acid for the forma- 
tion of alkali in the gypsum which is so abundant in our Jurassic 


and other formations. 
THIS STUDY LARGELY A MINERALOGICAL ONE. 


$11. Itis to be understood that throughout this bulletin the 
term soil is used sometimes to mean all of the factors conducing to 
make up the unit which is expressed by this term; at others in a 
much narrower sense, meaning to include only a part of the same. 
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Most of our analyses, for instance, have to do with only one phase of 
the subject and that almost exclusively a mineralogical one which 
may practically be designated as a somewhat indefinite study of the 
decomposition products of feldspar, principally a red orthoclase. It 
may be a little humiliating at this juncture to make so uncompli- 
mentary ‘a statement concerning this part of our work, but it is 
scarcely more. This is very plainly suggested by the results of the 
mechanical analysis which, as already stated, shows this mineral to 
be the principal one from which the potash can be derived. The 
small amount of mica in the soil would, even if the mica were 
easily attacked and altered, contribute but a very small amount of 
potash or lime, it being very subordinate in quantity. The analyses 
of the separate parts of the soil as obtained in the mechanical 
analysis will be shown to suggest the same fact so forcibly that it 
amounts almost to absolute proof that in our samples we have to do 
with an altered feldspar. 


THE EXPERIMENTS COVER TOO SHORT A PERIOD. 


What the effect of growing three crops on this soil may 
have been is scarcely shown by so short a series of experiments ; 
that is, the results are not large enough to be measured by the 
means at our command. Even if we should confine the effect to 
the clay this would still be true. This, however, cannot, as we will 
show, be justly done, for the feldspar certainly yields fresh quantities 
of potash to the soil. This mineral is so finely divided, or enough 
of it is, that even the rain water can and undoubtedly does take a 
perceptible quantity of this compound into solution. 


POTASH IN FELDSPAR AVAILABLE. 


§ 12. We shall show by direct experiment that the oat plant, 
for instance, can appropriate potash from this mineral when it is 
finely powdered, even in cases in which the mineral is perfectly 
fresh and the whole work of decomposition has to be done during 
the period of growth of the plant, perhaps by the roots of the plant 
itself. The theory of the formation of zeolitic minerals, to serve as 
the conveyors of the potash, etc., from the more stable minerals to 
the plant, cannot very well be appealed to, at least as necessary. 
My experiments do not show that zeolitic compounds are not formed, 
but they do show that if they are formed, their formation takes 
place so rapidly that perfectly tresh, but finely pulverized, feldspar 
becomes an available source of potash in the short period required 
for the growth of the oat plant. Ido not mean to say that finely 
powdered feldspar will yield potash so rapidly that it will furnish a 
supply adequate to the production of a crop, but that it will furnish 
in the aggregate a very considerable quantity of this element. It is 
a well known fact that this mineral yields potash to water and it. 
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was to be expected that growing plants might obtain some potash 
from this source, but my experiments show that this plant may per- 
fect its growth, obtaining all of its potash from the pulverized feld- 
spar. 


§ 13. This fact is of great importance to our Western agricul- 
ture, especially to the agriculture of the eastern slope of the Rock y 
Mountains and eastward to the State line, as the irrigable lands are: 
composed largely of granitic materials and consequently contain a 
more or less considerable quantity of feldspar, whose decomposition 
yields, slowly it may be, but a continuous supply of this very im- 
portant compound. The partially altered mineral possibly presents 
a greater degree of resistance to further decomposition than the 
fresh mimeral does to the first attack, but this will affect only the 
rate of the supply, for we know that this mineral eventually suffers. 
complete decomposition. These soils, or mixtures of minerals, 
quartz, feldspar and mica, are well preserved because our climatic 
conditions have not been favorable to their decomposition, either di- 
rectly or through the decay of organic matter. The rate of change 
under more favorable conditions, those of irrigation with an increase: 
of vegetable matter, may be more rapid, but it will still be compara- 
tively slow; not too slow, however, to make its results a factor in 
the supply of potash for our cereal crops. 


§ 14. A question arises in this connection relative to the 
course which the decomposition of the feldspar takes, and whether 
an experiment with powdered feldspar is comparable with the con- 
ditions which prevail in the soil. There is no question but tbat 
thev are not wholly so. The decomposition may go on either more 
rapidly or less rapidly in the soil than in the experiment with a 
mixture of sand and feldspar in boxes. Still the results are, in a 
measure, comparable. The soil contained from 16 to 28 per cent. 
of dust, the particles of which have a diameter of less than 0.01 
millimeter, and while, as previously intimated, the original feldspar 
present may have already been so changed that its further decom- 
position may be somewhat slower than at some previous stage of its 
history, it has not been removed from all further action of the 
solutions in the soil, the plant roots and other agents. 

In experimenting with the feldspar, the whole of it was reduced 
to powder, whose largest grains were less than one millimeter in 
diameter, and of which rather more than 33 per cent., by weight, 
consisted of particles of less than one quarter of a millimeter in 
diameter. The feldspar was pulverized to render it more readily 
attacked, and to reduce its particles to a size comparable with the 
size of the finer soil grains. 


FELDSPAR A SOURCE OF HYDROUS SILICATES. 


§ 15. The water in the soil also shows that such changes are 
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going on continuously, for they are constantly removing salts in 
solution, the supply of which is, in part at least, maintained by the 
decomposition of the constituent minerals of the soil. If there were 
no such supply of these salts, they ought to have diminished in 
quantity to a very small fraction of that which we now find. The 
formation and continuous presence of highly reactive, hydrous 
silicates within the soil may be accepted as established, but back of 
this, as well as of that of clay, whether kaolinitic or colloidal, are 
the decompositions of which these compounds are themselves but 
products. In the case of the soils in question, the original minerals 
whose changes have furnished the materials for these zeolitic com- 
pounds are preeminently the feldspars of the granites of the front 
range. Traces of igneous rocks are found, but their part in the 
formation of these soils is so subordinate that they may be neglected. 
That the ground waters, already rich in salts, participate in pro- 
ducing these changes is very probable. The uniform presence of 
potash salts in the ground water is presumably due in part to this 
‘fact. The elimination of potash from the soil in the form of nitre, 
potassic nitrate, will account for the presence of some, but not for 
the whole, of the potash present in the ground water. The presence 
of silicic acid in all of the water, amounting in some instances to 
about 2 per cent. of the total solids, is likewise suggestive of the 
decomposition of silicates, yielding, among other products, new 
silicates soluble in water. The silicic acid present in the water 
analyses, which will subsequently be given, was in solution either 
as hydrated silicic acid or in the form of soluble silicates. 


A very striking instance of the presence of silicic acid in water 
came under my notice a few years ago. The water was a very 
excellent spring water, free from sediment, limpid, and had a 
temperature of 53° F. The silicic acid present amounted to 25 per 
cent. of the total solids held in solution. I do not know whence 
this silicic acid was derived, but most probably from the decompo- 
sition of some feldspar, as potash and soda were the next most 
abundant constituents of the residue obtained from the water. The 
chemical changes producing such a solution as this in a spring 
water are quite sufficient, even though they may be modified in 
many ways, to account for the silicic acid found in the residues 
obtained from ground waters. 


SOME SALTS ARE FORMED IN THE SOIL. 


_ § 16. We cannot distinguish between the salts which have been 
dissolved out of adjacent localities and brought by the flowing 
waters into the area where it is found, and those which have been 
formed in the latter soil. In the former case they may contribute 
to bring about new changes, in the latter they will be products of 
the changes ordinarily going on in that soil, and aid in giving 
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distinctive properties to it. These would remain if the others 
should be eliminated. 


$17. The relative amount of magnesic salts which are present 
in the ground waters before and after the soil has been cultivated, 
also before and after the application of manure, indicate that there 
is a series of reactions taking place which result in eliminating these 
salts as end products. The growing of crops, the cultivation and 
irrigation of the soil, also the application of manure, accelerate 
these changes. ‘The readiness with which these reactions take 
place, especially if they be beneficial to the crop, must, to a con- 
siderable extent, be a measure of the soil’s fertility. 


THE BIOLOGY OF THE SOIL NOT STUDIED. 


§ 18. The soil is not only the theater of a wide range of 
- chemical reactions, some dependent upon and some independent of 
the living organisms present, but it is also the home of an abundant 
microscopic life, constituting a veritable world of itself. 


§ 19. The biological conditions of the soil ought, in this study, 
to have been taken up with thoroughness, but it has been im- 
possible. We will present the results obtained by such study as we 
have been able to devote to the soil in the following pages. 


§ 20. The purely agricultural features of this study have 
already been given in Bulletins 46 and 58. These bulletins have 
treated exclusively of the crops grown on the soil, especially of the 
effects of the alkali on the growth and ripening of the plant, on the 
amount of ash constituents taken up, ete. In this bulletin we shall 
treat of the soil, and in a subsequent one of the ground waters, the 
irrigation water and its changes. 


THE PHYSICAL CHARACTER OF THE SOIL. 


§ 21. Beginning at the west end of the plot the soil is a light 
loam. This passes into a paludal soil rich in alkali, succeeded by 
a gravelly, clayey soil, which has resisted treatment to a greater ex- 
tent than any other portion of the plot. The most eastern section 
of the plot is the lowest, the wettest, and, judging by the abundance 
of the salts which effloresce, the most strongly alkalized one. The 
extreme western section is the only one in which there is a subsoil 
within six feet of the surface. The character of the eastern most 
section was that of a very tenacious, alkalized clay, which, when 
moulded to a form and dried, became exceedingly hard. It wasa 
most unpromising soil to attempt to do anything with. The plot 
has a slope to the eastward of about four feet in 600. There is a 
stratum of coarse sand and gravel underlying the whole of the plot 
at a depth of about six feet. The surface is fairly even, with a 
slight depression running diagonally from near the southwest corner 
to the north side, a little west of the centre. 
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PREPARATION OF THE SAMPLES. 


§ 22. Six samples of this soil were taken in the spring of 1897, 
before it was plowed for the planting. These samples were taken 
with care to obtain samples representing the soil. Sections 
8’ 8" 10/’ were cut out and prepared for analysis. These sections 
were dried, all lumps being broken by hand from day to day as 
they became dry enough to be rubbed to pieces in this manner. 
When drier, and too hard to be so manipulated, they were rubbed 
in an iron mortar, the mortar being filled so full that pulverization 
did not take place. In order to be able to study the rock fragments 
still remaining in the samples, they were passed through sieves from 
one quarter inch to one twenty-fifth inch mesh. All that passed 
through the one twenty-fifth inch or one millimeter mesh, was pre- 
served as the sample of fine earth. The coarser portions, six in 
number, were thoroughly washed and their weight and character 
determined. The samples were designated by the letters A, B, C, 
D, Eand F. The successive parts are designated by the subscript 
figures 1, 2, 3, etc. 

SAMPLE A. 
§ 23. This sample was taken from the east end of the plot, 40 


feet east of well A, the worst section of the plot. The sample was 
divided into the following parts: 


Meshes to 
Parts. the Square Inch. Character of the Fragments. Per Cent. 

HA Tene oe 4.... Quartz, granite, mica, limestone, feldspar......... 0.68 

UNODE Mom oie 9....Quartz, granite, brown sandstone, limestone, feld- 
SPAT ic.cdgs sum cit Sees GaSe eco eee eee AT 

1 geile ee 36 Quartz, granite, mica, oxid of iron, limestone, feld- 
SDA... tesnsciaie sooodtace ater tase etetnseeret 7 aero aaa 2.19 
UNA ero cant ate 144.... Quartz, granite, iron oxid, limestone, feldspar...... 4.35 
Busine «ates 196 san) Uartzeml Castel dS yeaa erent nner eee 1.92 
EA Gas saitvce 625.... Quartz, mica, iron oxid and feldspar......... Mick 6.31 
Wine “earthiviny aedemoriontde ck eee eae eee 83.38 


SAMPLE B. 


§ 24. This sample was taken 50 feet west and two feet north of 
well A. This sample is from the edge of the gravelly, clay knoll, 
on the north side of the plot, and east of the centre: 


Meshes to 
Parts. the Square Inch. Character of the Fragments. Per Cent. 

Behar em kee 4....Quartz, brown sandstone, mica, feldspar ......... 4.54 
BS rete epn ees 9....Quartz, brown and red sandstone, mica, feldspar.. 3.40 

Bay aneetnrieer 36,...Quartz, brown and red sandstone, iron oxid, feld- 
SPAT. clot hen erence ROP MeO Science b 6.39 

Bae. temo 144,... Quartz, brown and red sandstone, iron oxid, mica, 
feldspar, 32, 3.5. tiv ane eee eee eee 6.83 
Bs... 4... 1062... Quartz, mica and feldapar ames ean ene Gane one 
Bete cr 625....Quartz, mica, feldspar......-m....+s irene eon 11,95 
Pine earth’, Ooo ice ee eee ee een 63.75 

SAMPLE C. 


§ 25. This sample was taken 45 feet west and three fect north 


THE SOIL. 


13 


of well B. This sample is from the eastern edge of the depression 
running diagonally across the plot and western edge of gravelly 


knoll. 
Meshes to 
Parts. the Square Inch. Character of the Fragments. Per Cent. 
Cras fos fe aOUATLZ cranite, (eldspar cases tes smear 13.00 
“Oy rete Stas 9....Quartz, granite, limestone, iron oxid, feldspar, red 
and brown sandstone, mica................. 63 
OST Ss: 36....Quartz, granite, limestone, sandstone, mica, feld- 
SPAT a ele eerste oth Cees as ete ee ee .78 
BY GAS Sac eats 144....Quartz, mica, limestone, sandstone, feldspar...... 7.53 
Rice atercks e's ah 196....Quartz, mica, limestone, feldspar................ 2.63 
. One eee G2 seer Quarezy mica, AeldS pare. .oe.oee. atime ce eae 9.08 
Mime: earthe ses chon ss ctis ce cls eee eee 50.58 
SAMPLE D. 
§ 26. Sample taken 25 feet west and three feet north of well 


C. This sample represents the low portion of the west half of the 


plot. 


Parts. 


Meshes to 
the Square Inch. 


SAA 4.... Quartz, granite, feldspar 
eee 9....Quartz, red and brown sandstone, limestone, feld- 


It is quite wet and strongly alkalized. 


Character of the Fragments. 


SAMPLE E. 


Sia) (8) wie\e| #10) ene 


Fe meme reese eres eres rere sees sone ve 


SArueee 36....Quartz, granite, sandstone, limestone, feldspar.. 1.86 
ee 144....Quartz, sandstone, limestone, iron oxid, feldspar... 2.80 
ater ise 196....Quartz, limestone, mica, feldspar 
AScwoe 625....Quartz, mica, feldspar 

Fine earth 


ee eee 


§ 27. Sample taken three feet west and three feet north of well 
D. This sample represents the western end of the plot. 
Meshes to 
Parts. the Square Inch. Character of the Fragments. Per Cent. 

Bitstean toe -< Ae PO UArta. eranite, feldspaty.. s1jtecrtiseiremte ert 0.71 
1 DE) eee DERE Geen Quartzseranite, teldspara, messes ee eee 0.29 

| Doe Saeed 36....Quartz, granite, limestone, sandstone, iron oxid, 
FELUSPAM alee ajeussnccclete sae Lae A Pe rerercae 25 
1 OY emo nee 144....Quartz, mica, limestone, iron oxid, feldspar....... 3.38 
| Dt oias Sees ona 196....Quartz, mica, limestone, feldspar ............... 2.99 
i De es Deere 625-8. @ uartz,auiesteldspaiin a mcaeeb er erence 11.37 
time: earth.c scion ceria eee 80.01 

SAMPLE F. 
§ 28. This sample is the subsoil corresponding to sample E. 
Meshes to 
Parts. the Square Inch. Character of the Fragments. Per Cent. 

1 USGA .o SRE 4 0.00 
Boers. as 9 0,00 
BOS iierre rescie ais 26... .Quarez, limestone, feldspatin.c.s..0s.s0202- 00° 0.03 
1 Do ea ee ae 14ers QuantzalineestonertolOspalicetar «11a 6.-1- «= sie «6 1.58 
Restrnt eras & 1OGu ee OllarizmiimestOneymtClOSPAlincnr sevtceer a one sero 1.84 
1 Ooh dees 625....Quartz, limestone, feldspar... .... 20... 0000 eee. 9.34 
RiTOnO ATUL em net ne es ticiale ole.c ech diejeieseuereree's 87.21 
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MECHANICAL ANALYSIS OF THE “FINE EARTH.” 


§ 29. The beaker elutriation of the fine earth gave the follow- 
ing results: 


TABLE I.—MECHANICAL ANALYSIS OF THE FINE EARTH. 


° od oq | tq AS ql Co) 
Bs pel oo) 2a) ge meee E esas 
Shih || ote a= 7 mM 12 — Ge (es 2) jb 
65 |S] OF Ric 1S LS 6S ard as aa os 
SAMPLE. ae lao] «2 | od gs BS mS | sas| Se < 
Bo peel Ee | 2S | be | as | os ee eae 
pa | Ba) O | 85 | B= | gee 2 . ae 
ae) Hs On | ss ey = 8 5B 
SoilgAuce. sec se sac 6.40 | 15° | 51.05 | 4.459 | 5.392 | 26.078 | 19.527 | 27.878 | 8.314 | 8.351 
Soul Bacar ene 4.50 | 15° | 36.50 | 8.114 | 10.147 | 35.593 | 12.386 | 23.658 | 4.582 | 5.543 
Soil C....s0s..e.ee0e++| 4.20 | 18° | 44.22 | 7.818 | 6.940 | 20.518 | 20.828 | 27.633 | 7.876 | 8.887 
Shyil aD), sca neeosteman ee: 5.90 | 15° | 40.54 | 6.254 | 7.197 | 25.804 | 24.748 | 21.704 | 6.013 | 8.190 
SoulWRees vee eaere 3.40 | 15° | 86.84 | 7.070 | 9.227 | 29.947 | 25.573 | 16.642 | 3.534 | 8.007 
Soil F...............+.| 8.50 | 15° | 42.34 | 6.380 | 7.409 | 23.736 | 30.604 | 19.488 | 5.552 | 7.678 
Loess Soil. Weld Co..|......|..... wees «.| 1.172. 8.737 | 45.707 | 27.721 | 10.565 | 5.217 | 5.881 
Loess Soil. 2 : ee e 
Lavinior Copier tes |sooaadeaeas ..eae. | 0.965 | 2.073 | 24.451 | 49.714 | 11.797 | 4.567 | 6.433 
Red Soil, ) 
Ghiy, SGillo bo sascucoonoslfeedotllasoae veeeeee| 4.411 | 11.872 | 27.943 | 31.592 | 13.793 | 4.600 | 5.789 
Red Beds. ) 
THE MINERALOGICAL CHARACTER AND SOURCE OF THE SOIL 


PARTICLES. 


§ 30. The sand grains in the different samples consisted of 
quartz, feldspar and some flakes of mica. The quartz grains show 
plainly the deposition of oxid of iron upon their surfaces, in checks 
and depressions in the grains. The deportment of the sand, and 
more particularly the still coarser portions, warns us that we can- 
not conclude that the sand particles owe their origin to the red beds, 
because of their color after ignition, for there is enough organic 
matter coating the grains to cause blackening upon heating, and 
this may account for the presence of the iron oxid which becomes 
evident upon igniting the sands. There is nothing distinctive 
enough, so far as I have observed, about the sand grains to justify 
one in asserting that they did or did not come from the juratrias, or 
Dakota sandstones, or are directly due to the breaking up of the 
granites. The presence of so large an amount of feldspar and mica, 
neither of which is present in the sandstones of these formations in 
such quantity, is strong procf that practically the whole mass is 
derived directly from the rock masses of the mountains which lie 
eee west of us, and consists of granites, gneisses and mica 
schists 


§ 31. While I believe myself justified in making the state~ 
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ment that the most of the rock material of this soil came directly 
from the mountain masses in geologically recent times, I am fully 
aware that the disintegration of the red sandstones, and to a less. 
extent the conglomerates of the red beds, could give rise to a very 
similar mixture of rock fragments. The following facts show this 
plainly. A sandstone belonging to the upper part of the Upper 
Wyoming, of loose texture and easily disintegrated by soaking and 
judicious rubbing, without any grinding up of its particles, gave me 
the followitg mechanical analysis: 

Sand grains having a diameter greater than two millimeters, 
1.40 per cent.; greater than one millimeter, 26.80 per cent.; less 
than one millimeter, 62.70 per cent.; cementing material, oxid of | 
iron, calcic carbonate, etc., 9.10 per cent. The sand grains were 
principally quartz, but there were some grains of feldspar and a few 
flakes of mica. In regard to the fineness of the particles, it will be 
noticed that practically 63 per cent. of the mass of the sandstone 
was as fine as that division of the soil designated “ fine earth,” and 
that this percentage is as great or greater than that of the fine earth 
in-two of our soil samples. The alkalies in this sandstone were 
determined and found to amount to 1.30 per cent. of the sandstone ; 
potash constituting 1 per cent., and soda three tenths of 1 per 
cent. The cementing material, mostly calcic carbonate and oxid of 
iron, contained a small amount of these constituents, potash 0.025 
per cent., soda 0.053 per cent., calculated on the sandstone, not on 
the weight of the cementing matter. The alkalies were also deter- 
mined in a sandstone from the Lower Wyoming, and found to equal 
2.563 per cent. of the sandstone; potash 0.924 per cent., soda 1.639 
per cent. The potash in each of these cases amounts to about 1 
per cent., and is contained almost wholly in the sand grains, among 
which, especially among the larger ones, feldspar grains are easily 
recognizable. These sandstones do give rise to a soil whose elutria- 
tion would yield a mixture of sand grains somewhat similar to that 
with which we have to do in this study. The characteristics of the 
soil formed by the disintegration of these sandstones are so markedly 
different from those of the one we are considering, that they are not 
even suggested as the possible source of the material, except by the 
most thorough washing of the soil formed from them. 


§ 32. The statements relative to the mineralogical character 
of the different classes of soil particles are applicable to all of the 
soils which I have analyzed or examined with care, whether close 
to the mountains or as far east as the State line, excepting the soils 
of the valley lying between the hogback formed by the Dakota 
sandstone and the mountains proper. This area, corresponding to 
the outcrop of the red beds, is not wholly covered by this granitic 
soil. There are doubtlessly some sections where the surface soil is 
derived from younger formations, the particles of which have not 
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been transported from the mountains by the streams or waters 
which have given the country its present contour, but are disinte- 
gration products of formations composed of material similar to that 
brought from the mountains by the streams of later times. 

The particles of more than 0.5 millimeters diameter are for the 
most part rounded, but this is not the case with those less than .25 
millimeters, nearly all of which are sharply angular. 


§ 33. It may appear to many, especially to such as have an 
acquaintance with the occurrences of loess and other formations of 
the plains, the mineralogical constituents of which are often identical 
with those given for these soils, that the latter, like the former, may 
be the product of other disintegrations than that of the granites of 
the Colorado range. There is nothing in their composition to pre- 
clude their having been derived from some other source. Their 
geographical distribution makes it probable that material similar 
to this composing our soils has been derived from other mountains 
than those lying near to us. It seems reasonable, however, to 
assume that the near and very extended range has furnished 
essentially all of the material going to make up these soils. There 
may be a doubt entertained that the quartz, feldspar and mica 
given in the preceding table were derived from the present moun- 
tains, but there can be no question regarding the source of the frag- 
ments of red and brown sandstones, or of the impure limestone; 
these are the products of the disintegration of the red beds and of 
the Fort Benton limestone. 


SOIL COMPARED WITH LOESSIAL SOIL. 


§ 34. There is given in the table of mechanical analyses, one 
of a loessial soil from Weld county. This soil, according to the 
mechanical analysis, has a very different composition from the soils 
given above. It is characterized by a high percentage of fine sand 
and low percentages of dust and clay, but mineralogically the sand 
‘and coarser parts are the same as in the other soils, 2. ¢., quartz, 
feldspar and mica. The mica, though still subordinate in quantity, 
is more abundant in the loessial soil than in the others. It seems 
to be a general rule that the farther back from the river we get, or 
higher up on the plains, the greater is the percentage of fine sand 
present in the soil. 


§ 35. I have not attempted to determine the ratio between 
the grains of feldspar and quartz in these soils, but others have 
determined this ratio in the loess, for which the approximate deter- 
mination is given as: Quartz, 40 per cent.; feldspar, 50 per cent.; 
other constituents, 10 per cent.* The minerals making up the 
other 10 per cent. were, in the case of the Weld county loessial soil, 


* Emmons’ Geology of the Denver Basin in Colorado, p. 262. 
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mica, magnetic oxid of iron, ete. I have not determined, by actual 
count, the grains of quartz and feidspar, but my judgment is that 
there is more quartz in the sands that I have separated from these 
soils than is indicated by the percentage given in the analysis 
quoted, viz., 40 per cent. It is to be expected that the mechanical 
composition of soils will vary from place to place, and yet the table 
shows a greater agreement than we would expect; the sample of 
loessial soil from Weld county and of loess from Larimer county 
being the only ones which show wide deviations in the percentage 
of any class of soil particles. Not only the mineralogical, but also 
the chemical examination of these soils, indicate a rather uniform 
composition, though the samples were taken from widely separated 
localities. By chemical analysis is here meant the analysis of the 
whole mass, a mass analysis, and not a soil analysis as it is made 
for agricultural purposes. 


§ 36. Dr.S. F. Emmons, writing of the loess in the “ Geology 
of the Denver Basin in Colorado,” says that it contains in all cases a 
large proportion of sand, separable by washing, whose grains are 
usually under a millimeter, but rarely less than a tenth of a milli- 
meter in diameter. The mechanical analyses of the loessial soils 
show 43 and 64 per cent. of the mass to have a diameter of less 
than five one hundredths of a millimeter. The mechanical analysis 
of this soil shows 47.40 per cent. of material, the clay rot included, 
whose grains have a diameter of less than one tenth of a millimeter, 
and which differ from the coarser portions only in the degree of 
their comminution. ‘lhe loessial soils given agree in having high 
percentages of fine sand and silt, and lower percentages of dust and 
clay than ordinary soils; but our results do not agree with Dr. 
Emmons’ observation that the grains of sand in loess are rarely less 
than one tenth of a millimeter in diameter. 


SIMILARITY OF THE PARTICLES AND COMPOSITION OF SOILS. 


§ 87. The fine sands are, in every case, much more angular 
than the coarser, due to the manner in which the water has effected 
their transportation, the larger having been rounded by rolling or 
by attrition while in suspension. The loessial soils show this char- 
acteristic as markedly as the other soils examined. There is so 
great a similarity in the mineralogical composition of our soils, 
though they vary in appearance, that it is a matter of some surprise 
that they should differ so extremely in properties. The chemical 
analysis of the soils, mass analysis, does not change this phase of 
the matter at all. The following analyses of samples taken from 
rather widely separated localities, may serve to illustrate this: 
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TABLE II—MASS ANALYSES OF SOME SOILS. 


S_ c: * 
pale} a aoe: Paes é 
~~ I asa 
Std ee TP n Tag 5) Pe 
Bad vo | Rao | AZ| 
ee as | eh isi ib ais 
i tele) RSS IES |) Br 
ofn IOS al) sets all eeu ete Sa 
Ao Ss nea aos | age AS 
orn () oon Os > 
fe | 2 | aE ge) 2 
ce; a H oO 
im — | So 
SilieieeA Cid. «sc ces2 cv mgueesaacieacbiebe oes velo eimeclenes || EOG2SDGs| NOS 745 ul R722550R tO 76 So6u iG eLOO 
Sulfuric yA cia yy, fie cicersaes ss siceeioweie se elaine seraioneisvers ohare 0.041 OLS27}F £07023 se OF O25 aller siete aes 
Carbonic zACIdea ces ooeeenie soe wee etonieel seis cevalse seraintere 0.016 1.208 | 0.368 | 0.888 3.670 
GTO LU. Aen ese oa Baie ok ie a SLO eC ie aos ae a reper ataller 0.006 0.014 | Trace.| 0.022 |... ..... 
Id ixeie rere tor Wate | Baas ca ceanoodend odds GopANodaonasnoné 0.466 0.112 | 0.331 | 0.411 0.110 
(PoGas lye nates te PRR Rica Eee arinkio aao oon. 2.248 2.295 | 2.479 | 2.497 2.680 
Soh Fee geno ite HOaaer icin SODRC TEGO CHR mb opiors BEAL ADG 1.215 1.184 | 1.498 | 1.311 1.420 
MATTING eerete seca tate eats tacedstol claltsiateievcre: sini d tvarsperaimebiate win, aw laponeiatace ee 1.645 2.789 | 1.075 | 2 481 5.880 
IM Qe TGS 1a He Ae cise cieae nisi ls od clalove eictalpreteintes slate ey fe ayeratatetetarel ere 1.412 1.819 | 1.245 | 1.740 1,240 
OTL OUS © Xi ereraccritewetreteisav octets ete stores etrearere e) ctbrslellote steneves etal isvelaralclatete! | etotatersimcetaul helet rier etsrers] teretcictot tats 0.310 
PHOT TIG AO KU ee vevscie aisciele.s crtravee siete eveiaiatets sieteeieeneeitins 5.424 4.475 | 4.420 | 5.255 2.520 
iN hvbasabanton Op.a16 WS anemeAeAammsnoteetoncuponasGase oes s..{ 11.888 | 11.717 | 10.754 | 11.418 | 10.266 
Mang anice@xidu(oni eerie teleeterecternicentee ste ene ites 0.160 0.2005), 1022305 108109) | irae 
MOIStUT era bell OC Ch sews wisi wie ecetteienels stare sieatcelce sterile 2.981 $.296| 2.5959) $7560) |, - nine 
Veeniti overeat cis cecc/de iacencaale etna helt een oe 4.044 5.402 | 2.311 | 2.287 5.090 
Sia Pesca uiipc wateerciaeles etalemer eeiare test eieieteinn aeiets 100.352 | 100.080 | 99.888 | 99.849 | 100.280 
Oxygen Equivalent: to Chlorinw,..ccecessiiecieaecs ose: 0.001 OR00S aligacchrre 020051 Sse nee 
Total reins yoasne ee eetehe vate aca Eien 100.351 | 100.077 | 99.888 | 99.844 | 100.280 


* Analysis by Eakin’s Geology of the Denver Basin in Colorado, p. 263. 


I have chosen the sample of loess from Cheyenne because this 
is probably more nearly comparable to mine than any other at my 
disposal, and the locality is nearer by thirty miles than that from 
which the next nearest sample was taken. The sample marked 
loess from Larimer county was taken at a point about seven miles 
from the place where the sample soil A was taken. The most marked 
variations in the composition of these samples are, the sulfuric acid 
of the soil A, the carbonic acid and lime of the loess from Cheyenne. 
The sulfuric acid in the soil was probably present as calcic sulfate 
or sodic sulfate, forming a part of the “alkali” present in the soil. 
The carbonic acid and lime in the Cheyenne loess was doubtlessly 
present as calcic carbonate. This is of common occurrence in this 
formation; is very variable, and is not essential. With these ex- 
ceptions, the causes of which are usually discernible without the aid 
of chemical analysis, or even a magnifying glass, these soils agree 
as closely as samples taken within a few feet of one another might 
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agree, and suggest a common origin for wide areas of our surface 
. soils. | 

The alkalies are lower than one would expect, judging from 
the number of feldspar particles which are present, and the ratio of 
the soda to the potash is high, as the feldspar recognizable is very 
predominantly orthoclase. The silicic acid is lower than the ap- 
parently large number of quartz grains present would suggest. The 
orthoclase contains, in round numbers, 66 per cent. of silicic acid, 
while the average percentage of this acid in these soils is 68.6 per 
cent., which seems lower than the macroscopic examination suggests. 


PORTIONS OF FINE EARTH EXAMINED. 


§ 38. The loess from Cheyenne was not examined further, nor 
was the loessial soil from this county, but the soil A was. The fine 
sand, with particles from 0.25 to 0.05 millimeter in diameter, the 
silt, the dust and the clay were each analyzed with the following 
results : 


TABLE III.—ANALYSES OF PORTIONS OF “FINE EARTH” OF SOIL 
A. SAMPLE TAKEN TEN INCHES DEEP. 


Fine Sand. Silt. Dust. Clay. 

PTCICM ACI sagan cisco nS teks 82.024 64.247 58.204 40.389 
SulhoriewACldar tea cane 0.017 0.014 0.100 7.060 
Polassie Oxide yy ss cenracee a: O14 277 3.166 3.000 
SOGICGIORIGT Mr ce cairn ante a x 1.926 1.851 1.323 3.134 
WGLTICUO Xd eter taas eid douche ove 3.383 5.425 9.109 7.113 
AN (AAT KOS-41G eae rine erion ac 6.737 13.018 19.078 14.607 
WalcichOxideen so soeeion cc 1.746 1.488 1.480 6,059 
iMaenesicn Oxid nee see hes 0.777 1.519 2.648 3.982 
Manganic Oxid (brown)...... 0.150 0.250 0.190 0.168 
Moisture and Organic Matter.. 0.750 4118 3.980 14.668 
DOANE eens we ors. akete 99.424 99.631 99.278 100.180 


The coarser parts of the soil were not analyzed, for the reasons 
that they are comparatively small in quantity and, on account of 
the large size of their particles, are not subject to those actions 
which liberate plant food to any considerable extent. It might 
have been better for a favorable presentation of results had we 
analyzed them, but there was so little to be gained that we did not 
deem it worth the work. This table shows a very decided differ- 
ence in the composition of the parts sevarated by washing the soil. 
- We have no basis of comparison with the loess and other soils. The 
series stands alone, but the results that it exhibits are so pronounced 
and so similar to what we would.expect that we have little hesitancy 
in accepting it as proven that there is an accumulation of the 
potash in the finer portions of the soil, and a diminution of the 
silicic acid. 

PROBABLE’ COURSE OF CHEMICAL CHANGES IN SOIL MASS. 

§ 39. We have here probably a rough presentation of the 
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course of the chemical changes which take place in the transforma- 
tion of a mass of rock fragments into true soil. The decomposable 
minerals, feldspar and mica, very subordinate in this case, are so 
acted upon that new minerals, having less silica but more alumina 
and possibly alkaline earths, are formed. The high percentage of 
lime in the analysis of the clay is almost certainly due to an ad- 
mixture of gypsum. It is scarcely possible, owing to the manner of 
preparation, that the higher percentage of magnesic oxid can be 
attributed to a similar cause. In regard to the potash, which is 
even higher in the dust than in the clay, though the experienced 
analyst will be inclined to consider them the same, there may be 
a question as to the manner in which it is present. This arises 
from the knowledge of facts obtained from other experiments and 
not from the analyses. The testimony of the latter is, and it is in 
perfect harmony with what we know of the deportment of soil 
masses, that in the extremely small particles of the soil there is a 
tendency toward enrichment in potash. The indications of the 
analyses, contrary to the impressions of the writer, indicate that the 
maximum of this concentration is reached in the portion designated 
as dust, a portion whose individual particles have a diameter of 
less than 0.01 millimeter, or less than one twenty-five hundredths 
of an inch, and which constitutes 27.87 per cent. of this soil. The 
clay, which is stiJl very much finer, contains, in this case, essentially 
the same percentage of potash, but constitutes only 8.31 per cent. of 
the soil. In this instance the dust and not the clay is the potash 
carrying silt-constituent of the soil. 


§ 40. The fine particles of the dust and clay are probably 
not wholly composed of fine residual parts of the minerals originally 
composing the soil mass, but are to a greater or less extent made up 
of newly formed particles ot precipitates, or at least of newly formed 
minerals, which may adhere tenaciously to the fine residual grains 
or form independent little aggregates which, being disintegrated by 
the washing of the soil, are obtained in the form of clay. 


ANALYSES OF PARTS OF FINE EARTH SHOW NO DEFINITE RATIOS. 


§ 41. Little can be said in regard to the ratios existing between 
the various chemical constituents as shown in the preceding 
analyses. There is, for instance, no clear and definite relation 
between the potash and soda, iron oxid and alumina, alkalies and 
alkaline earths. The iron is, taken roughly, equal to one half of 
the alumina. This holds true for soil A, the parts of the soil sepa- 
rated by washing, and of the Larimer county loess. I am inclined 
to think that this is an accident, in spite of its occurring in each of 
these six instances. It is not the case in the Cheyenne loess, and 
extraction with hydrochloric acid shows it to be almost wholly 
soluble in this agent. Macroscopic observation, especially after 
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ignition, shows the sand grains to be coated to a greater or less 
extent with this substance, oxid of iron. It does not appear as red 
oxid of iron on the grains before ignition, but becomes evident 
after. This is well seen in the color of the mass before and after 
ignition. This suggests the existence of hydrates of iron or organic 
compounds, but the loss on ignition is so small and irregular, bear- 
ing in its quantity no relation to that of the iron, that the organic 
compounds, if any, are very small in amount. There seems to be, 
as we shall see later, but a small amount of iron present in the form 
of a silicate insoluble in hydrochloric acid, certainly not more than 
may be present in a perfectly fresh feldspar. This would still be 
the case if the quartz sand were all deducted or considered as carry- 
ing no iron whatever. The portion soluble in hydrochloric acid, on 
the other hand, is rich in iron. The total loss on ignition is not 
unusually large, and a portion of this is water retained at the 
temperature of 110° C, probably in the form of hydrated oxid of 
iron. 
SOLVENT ACTION OF HYDROCHLORIC ACID ON THE SOIL. 


§ 42. The portion of tnese soils dissolved or decomposed by 
hydrochloric acid, sp. gr. 1.115, upon digestion for five days, varied 
from 30 to 50 per cent. The amount dissolved certainly depends 
upon the character of the substances present in the samples, but in 
this respect our samples are very uniform, containing essentially the 
same mineralogical components. The variation in the amount dis- 
solved depends upon other conditions, principally upon the fineness 
of the soil particles, and the particular degree of their decomposi- 
tion. The former condition is the more important, as the latter one 
is largely dependent upon it. This is quite clearly seen upon a 
comparison of the mechanical analyses of these samples, taking the 
particles having a diameter greater than 0.05 millimeter as one 
group, and those of less diameter as another group. The amount 
dissolved under the convential conditions, HCl., sp. gr. 1.115, and 
five days digestion on water bath, varies, but not closely, with the 
ratio of these two groups, into which every soil can be divided. In 
other words, it is the very fine particles of the soil which yield to the 
hydrochloric acid the elements of plant food found in the solution. 
This is unquestionably the case in the soil, as well as in the analy- 
sis. The decomposition of the minute particles of the minerals will 
take palce more slowly in the soil solutions than in the hydrochloric 
acid, but the order in which they will be attacked is the same, the 
finest first. 


RESULTS OF CHEMICAL ANALYSES NOT COMPETENT CRITERIA. 


§ 43. The chemical analysis does not give us a good criterion 
by which to judge of the virtues of a soil. It may not follow the 
same course of decomposition that takes place in the soil, and it cer- 
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tainly extends too far, that is, we can not say how long it would 
take to effect the same amount of change by the soil agents, as is 
effected by an acid solution and heat during the five days digestion, 
or by strong acid in ten hours. 


THE SAMPLES ANALYZED. 


§ 44. The samples and the manner in which they were taken 
have already been described. Two sets of samples were taken, one 
on May 18, and another on October 20, 1897. These samples were 
taken from the same parts of the plot, in order to make them agree 
as nearly as we could.. We hoped that the earlier samples would 
enable us to ascertain the composition of the soil, the later ones to 
determine, if possible, the effects of cultivating, irrigating, and crop- 
ping it. The crop grown was sugar beets. The work done on the 
crop, both in the field and laboratory, is recorded in Bulletin 46. 
The whole crop, both roots and tops, had been removed before we 
took the samples in October. 


WATER RECEIVED. 


§ 45. The rainfall was about 9 inches. The amount of irriga- 
tion water used in the two irrigations given was not measured, but 
was estimated by an experienced man to be about 8 inches, or 
approximately 17 inches in all. The drainage of this plot of ground 
is not good, and we now know that it receives water from the west 
as sub-irrigation. This we did not know at the beginning of our 
experiment, or rather we supposed that we were. protected from this 
interference by a ditch anda drain. The water plane during this 
season was higher than during the succeeding season of 1898, but 
this, I think, was due in part to greater rainfall and more frequent 
irrigation. Two factors enter here which are wholly undetermined, 
the upward movement of the water-soluble salts in the soil, due to 
evaporation from the surface, and the salts removed by drainage. 
The former was made as low as our conditions would permit, by 
keeping the surface soil well stirred by frequent cultivations, and by 
the luxuriant growth made by the beet tops. I do not know how 
much either of these agencies accomplished during the season, nor 
do I know that any attempt has been made to determine the 
amount of evaporation from the surface of the soil at this place 
under any conditions. The amount of drainage from this plot was 
sufficient to lower the water table, after it had been raised by irri- 
gating the plot, two feet in eleven days. In this case, the adjoining 


land had received no irrigation, and the rise in the water plane was 
purely local. 


§ 46. The draining out of the water may have been due as 
much to a spreading of the water over a larger area, as to draining 
out. Under such conditions as the early summer season presented, 
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the fall of the water plane in this plot took place at the rate of one 
foot in thirty days. I would have assumed this to be the rate of 
drainage out of this area, had we not demonstrated, much against 
our will at the time, that there is a flow of water from the west into 
our plot, and the fall of one foot in thirty days is simply the excess 
of the drainage out of the area over that into it. 


DEPORTMENT OF SOIL WITH WATER SHRINKAGE INCLUDED. 


§ 47. I have stated twice that one characteristic of this soil is 
its retentiveness of moisture. I do not mean by this statement that 
it will refuse to give up a larger percentage of moisture than other 
soils, when exposed to drying out in the air or subjected to drought, 
but that excessive water is given up slowly, and also that when it 
dries it shrinks and becomes very hard, which is true of many soils 
in this State. 


§ 48. I made two experiments to determine the rate at which 
this soil dries after being saturated with water, and also to deter- 
mine the loss of volume due to shrinkage. 

These samples deported themselves very differently. The 
sample of soil A, placed in a cylindrical box, showed 
moisture on the surface in seven minutes after the perforated bottom 
of the box was placed in water, but the soil had not become satu- 
rated at the expiration of four and one-auarter hours, and was per- 
mitted to stand in contact with the water over night. The sample 
of soil D, on the other hand, did not show moisture on the surface 
until forty-five minutes after it was placed in contact with the water, 
but was saturated in one and one-quarter hours. Soil A required 
for saturation 18.18 grams of water, and lost in eleven days 17.78 
grams; D required 16.62 grams for saturation, and gave up 16.20 
grams in eleven days. The shrinkage was the same in both cases, 
28 per cent. of the original volume. The cylinders were filled and 
shaken down to make the soil compact. The loss for each twenty- 
four hours, up to the end of the seventh day, is given in the follow- 
ing table, together with that for pulverized feldspar, which was used 
for the sake of comparison. The feldspar had been pulverized so that 
its particles approached those of the soil as nearly as possible in size. 
The volumes were the same. It will be born in mind that the soil 
contains humus, clay, salts, etc., while the feldspar does not. The 
feldspar showed moisture in one minute after being placed in the 
water. One sample was saturated in ten and the other in twenty 
minutes. This is a very pronounced difference, the soils requiring 
75 and upwards of 255 minutes for their saturation. The feldspars 
required for saturation 8.94 and 7.39 grams of water respectively, 
the soils, 18.18 and 16.60 grams. 
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TABLE IV.—RATES AT WHICH THE SOILS GAVE UP WATER. 
Soil A. Soil D. Feldspar. Feldspar. 


Grams. Grams. Grams. Grams. 

Water given up in first 24 hrs.... .3.58 3.10 2.06 2.00 
Water given up in second 24 hrs.. .2.45 3.00 2.52 2.42 
Water given up in third 24 hrs....2.47 2.45 a99) 1.95 
Water given up in fourth 24 hrs.. .2.33 2.40 1.85 0.97 
Water given up in fifth 24 hrs ....2.40 2.40 0.06 0.01 
Water given up in sixth 24 hrs....2.10 1.60 aati one 
Water given up in seventh 24 hrs..1.20 0.35 


The experiment with the soils was continued for four days 
longer, but the loss was comparatively slow. The feldspar showed 
no shrinkage. The temperatures at which these experiments were 
made were 15°-16° C. for the soil samples, and 16°-17° for the 
feldspars. 


ANALYSES OF HYDROCHLORIC ACID SOLUTIONS OF THE SOILS. 


§ 49. The description of these samples has been given in a 
preceding paragraph, and the method of analysis was a conventional 
one, digestion with hydrochloric acid, sp. gr. 1.115, on a water bath 
for five days. 
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CONSIDERATION OF ANALYTICAL RESULTS. 


§ 50. There is no division of soil into surface and subsoil, ex- 
cept in the case of samples E and F, where E is the soil and F the 
subsoil. The mechanical and chemical analyses both show that 
there are marked differences. 


The subsoil disappears entirely a few feet east of this point, and 
is entirely wanting at the point where sample D, the next on the 
east, was taken. The subsoil contains less decomposable silicates, 
corresponding to the soluble silicic acid, a considerable quantity of 
carbonate of lime, and a different mechanical composition. 

The surface soils vary more than would be expected, and not 
in the manner that a knowledge of their physical appearance and 
deportment under cultivation would lead one to anticipate. Soil A 
becomes heavily incrusted with alkalies, the incrustation reaching 
a thickness, at times, of one half inch, while soil E does not at any 
time show an incrustation and would not be considered as contain- 
ing any alkali, except for the marked amount of sulfuric acid ap- 
pearing in the analysis. The carbonic acid in both samples ap- 
pears to be in combination with calcium to the extent of about 50 
per cent. in the case of A, and probably a still greater extent in the case 
of E. This is the case if the water-soluble portion of the sample rep- 
resents the salts. present in the soil, and no changes are induced by 
the long treatment with water necessary to remove all the soluble 
salts. We notice that the sulfuric acid in the samples of A and H, 
taken in October, is higher than in the samples taken in May. This 
may be due to a transference of the sulfates from the subsoil to the 
soil, but taking the two series of samples, we see that only two sam- 
ples indicate any loss of sulfates, 7. ¢., samples C and F; and as al- 
ey suggested, the loss in F may account, in part, for the gain in 


§ 51. The carbonic acid does not give us any strong indica- 
tion that the season’s cropping and cultivation has eliminated much 
if any alkali from the soil, while the total soda present tends to 
show that the apparent diminution in the carbonic acid present is 
to be explained otherwise than by attributing it to any variation of 
the quantity of alkali. Samples E and D are from contiguous sec- 
tions. E shows no alkali on the surface, while D shows an abund- 
ance of it. If, for the sake of simplicity, we calculate the sulfuric 
acid as corresponding to sodic sulfate in the soil, we observe that in 
May it ranges from 087 to 1.63 per cent., whereas in October it 
ranges from 0.63 to 2.54 per cent., one sample only, C, showing a 
decrease from 0.90 to 0.63 per cent. In the case of the subsoil F, 
we have a decrease from 0.94 to 0.42 per cent, but in the surface 


soil E, corresponding to it, we have an increase from 0.92 to 1.45 
per cent. 
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§ 52. This soil E is in excellent condition and would ordin- 
arily be considered free from alkali, but if we calculate the amount 
of sodic sulfate corresponding to the sulfuric acid in an acre of such 
soil taken to the depth of one foot, we find in round numbers 16 
tons in May, and 25 tons in October. In the subsoil, sample F, we 
find in May 16 tons and in October 7 tons. It appears that 9 tons 
of this salt, or its equivalent, has been transferred from the subsoil 
to the soil by surface evaporation and capillarity, but no incrusta- 
tion was produced. In the case of sample A, we find a little larger 
increase in the surface layers, but there is at times a heavy incrus- 
tation covering almost the whole of this section. This was not the 
ease at the time the sample was taken. We have a marked change 
in the other direction in sample C, as we find that about four tons 
per acre of this salt has passed below the depth to which our sample 
was taken. It is possible that this salt was washed out or flooded 
off of this section of the plot at the rate of four tons per acre during 
the season. I would like to believe this, but I see no reason why I 
should. The ground here is about one foot higher than at B or D, 
and the irrigation water flowed towards these points, but there was 
no increase in the alkali at either Bor D. In the case of F there 
is a patent explanation, in the case of C there is not. The sulfuric 
acid determinations were done in duplicate in both cases, and agreed 
within four one hundredths of one per cent. The crop as previously 
shown did not remove a large amount of sulfuric acid, and I have 
no explanation for the disappearance of the alkali from this section, 
unless it was simply carried into the soil by the irrigation and was 
not brought back by the capillary movement of the water within 
the reach of our sample. ‘The differences in the percentages of the 
potash are so small, and the samples not being identical, there is 
not even the same small object in trying to draw any inferences 
from them, that there is discussing the effect of the season’s work 
on the “alkali,” basing it upon the total amount of sulfuric acid 
present in the different samples. 


One could scarcely expect one season’s study and work to pro- 
duce a change of sufficient magnitude to show a decided difference 
in the results of such anaylses, nor does the matter stand in a much 
more favorable relation at the end of three or four years. After 
three crops had been taken off of the plot, a sample from E showed 
the presence of 0.849 per cent. of potash, and before any crop had 
been taken off it showed 0.876 percent. The plowing, cultivation, 
irrigation and cropping of three seasons gave us as their total effect 
this uncertain difference of 0.027 per cent. There were other sam- 
ples taken, but these are the only two that coincide in the point at 
which they were taken. Others, however, show the same thing ; 
sample B, for instance, at the beginning showed 1.003 per cent. of 
potash ; after three crops had been taken, we obtained 0.999 per 
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cent. This shows nothing, because the samples were not taken from 
points near enough together. The samples of the third season were 
not taken for the purposes of such a comparison, and merely chance 
to serve even in this measure. The fact that the nitrogen content 
in the October samples was higher than in the May samples, has 
but little if any dependence upon the beet crop, but was possibly 
very dependent upon the cultivation and irrigation. It is, we may 
say, a distinct crop, which increases with favorable conditions of 
season and soil; and our analyses simply show that there was more 
in the soil on October 20 than on May 13, regardless of what had 
been removed by the crop or dissolved out by water. 


§ 53. The effect upon the organic matter in the soil did not 
seem to be very decided, but at the end of three seasons there was 
a gain, not so large, however, as I expected, the tops of two crops of 
beets and a heavy coating of manure having been added to one half, 
on alternate sections, of the plot. 


§ 54. The analyses, as we ought to expect, do not show us the 
changes which have really taken place. This plot, for instance, has 
improved most wonderfully in its quality, and the analyses do not 
and cannot measure these improvements. It is not a question of 
composition, but one of conditions. 


SOME RESULTS DUE TO THE PRESENCE OF FELDSPAR. 


§ 55. The consideration of the mineralogical constituents of 
the soil renders it evident that in our case we have to deal with the 
mineral feldspar, and indefinite decomposition products of this min- 
eral, mixed with decaying organic matter. The agricultural analy- 
sis of the soil will yield results which will vary with the fineness of 
the feldspar particles the character of the decomposition prod- 
ucts present, with slight variations in manipulation, and with other 
conditions which one cannot foresee. The minor variations, for in- 
stance in the percentages of potash found, asin case of sample A, 
1.495 and 1.528, or in B, 1.003 and 0.978, may arise from such 
causes, and not depend in any way upon cropping or cultivation. 


§ 56. As the solubility of feldspar in dilute acids is a well 
recognized property of this whole class of minerals, the results of | 
the mineralogical study of these samples was somewhat disconcert- 
ing, not in regard to the value of such analyses in general, but of — 
my analyses in particular. The abundance of this mineral | 
present, the abundance of potash soluble in dilute acid, and 
the impossibility of washing out all the lime, soluble in dilute 
hydrochlorie acid in any reasonable time, led me to experiment with 
orthoclase, powered so fine that the whole mass would pass through 
a sieve with one millimeter mesh, because this is the conven- 
tional size of the particles of fine earth. Thirty-three per cent. of 
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this was less than one quarter of a millimeter in diameter. The 
mechanical analyses of the soils show that 60 per cent. of the soil 
particles are smaller than one fourth of a millimeter in diameter. 
This feldspar used had been washed out of the soil and was treated 
Just as the soil was, and the results were as follows: Potash dis- 
solved out of the feldspar by digesting with hydrochloric acid, sp. 
gr. 1.115, for five days, was 0.845 per cent.; soda, 0.816 per cent. ; 
silicic acid set free, 4.31 per cent. This simple experiment is so de-. 
cisive of the fact that five days digestion with dilute hydrochloric 
acid, sp. gr. 1.115, will extract potash from finely divided orthoclase 
in considerable quantities, that further questions arise as to whether 
plants can use the potash present in this form, or is our analysis of 
such a soil wholly misleading? The following questions are also 
suggested, viz: To what extent does water alone act on this min- 
eral, for that water extracts potash from it is already an established 
fact, and how much does carbonic acid increase its solvent action ? 


ACTION OF WATER AND CARBONIC ACID ON FELDSPAR. 


§ 57. The perfectly fresh, finely pulverized feldspar was 
suspended ‘in water, 10 grams in 300 c.c., and allowed to stand five 
days with frequent shaking. One hundred ec. c. of this solution was 
filtered off, evaporated to dryness, and the residue weighed. An- 
other portion of feldspar was treated in the same manner, except 
that the water was saturated with carbonic oxid. 


§ 58. A like quantity of water was placed beside these and 
earried through as a control. 


§ 59. The water dissolved from the feldspar 0.0081 gram, 
after deducting the amount contained in the distilled water. 


§ 60. The water charged with carbonic oxid dissolved 0.0723 
gram. The residue obtained in this case gave a heavy precipitate 
for potash with platinic chlorid, as did the water solution of the 
feldspar. The residue from the distilled water did not react for 
potash. 

EXPERIMENTS WITH OATS. 


§ 61. ‘This question was carried still further, and we en- 
deavored to determine whether the feldspar could furnish potash to 
plants. For this purpose the perfectly fresh mineral was used, pul- 
verized as already described in imitation of the soil, 7. e., the parti- 
cles varied from one millimeter in diameter to an impalpable pow- 
der. This was mixed with pure quartz sand. Bone ash was used 
to supply lime and phosphoric acid. The sample used contained 
no potash. Nitrate of lime furnished the nitrogen. Chlorin was 
furnished by a minute quantity of calcic chloride. Distilled water 
was used throughout the experiment. 

The plants grew healthily in this mixture until the floors of the 
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building were oiled and the room in which the plants were growing 
was shut up and became too warm; these two things together gave 
them a decided set back, and later a thrips, Thrips striata, accord- 
ing to Prof. Gillette, attacked the plants and did them much dam- 
age. Some of the plants, however, seeded. They were harvested, 
though in bad condition and very uneven in the degree of their de- 
velopment. The root system was well developed, the sand being 
filled with the roots. The weight of the tops as harvested was 
198.5 grams; that of the roots as washed out was 40 grams. The 
tops and roots were incenerated together and yielded 5.795 per 
cent. of soluble and 9.803 per cent. of insoluble ash, a total of 15.598 
per cent. 

§ 62. Examination of the feldspar used showed the presence 
of 11.993 per cent. of potash, and 2.988 per cent. of soda. Phos- 
phoric and sulfuric acids were present in very small quantities, the 
former equalled 0.041 per cent. and the latter 0.003 per cent. of the 
feldspar. 


§ 63. The nitrogen in the oat hay, roots included, was 3.2543 
per cent. 


The ash gave the following analysis: 
TABLE VI.—ANALYSIS OF OAT ASH GROWN WITH FELDSPAR. 


Per Cent 

Carbon tic ck ce ee ee eee een 0.172 
Sands) vsscseise seas Ce ees eee eee ee ee 8.135 
SiliciePACIds sn... che een ee eon 15.737 
Sulfuric *Acidi2e jones ein eee eee 4.411 
Bhosphoricu Acid sia. vance eee ernas eee 3.982 
Carbonic Acid’... demos mee ee nee 15.356 
Chlotingy ss. Shas. Bae ee ee DBP 
Potassic’ Oxid7s. Joke eaeaen ee eee 15.959 
Sodic'Oxid wus oe ee nee 4,622 
Caleic 'Oxid y. .\ c-taw tee tein oe eee 21.709 
Magn esicvOxid.n:., aces eee en ere 3.906 
Perric’ Oxide ee ee Ce ee 0.696 
Aluminic, Oxid Fahitex oo eee 0.314 
Manganie’yOxid..)5. naman ene eee 0.163 
TENION. idlaw aw se ee ce ee 2.611 
Sum 5 /..cos Sone ee 100.505 

Oxygen Equivalent to Chlorin.............. 0.615 
Total i... coos ee Ee 99 890 


RESULTS SHOWN BY EXPERIMENT WITH FELDSPAR. 


_ $64. This ash is very anomalous in its composition as well as 
in the quantity present in the plants. The plants were not evenly 
mature at the time of gathering and were in bad condition. The 
question we endeavored to investigate, however, is perfectly answered 
by the results, 2. ¢., the oat plant can use the finely divided feldspar 
as a source from which to obtain potash; for in this experiment, 
made under very adverse conditions, we find that the oat plants 
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took from the feldspar 1.4417 grams of potash. The potash added 
in the seed has been deducted. The silicic acid appropriated by the 
plant indicates the decomposition of the silicate. The partially de- 
composed, finely comminuted feldspar is actually a part of the soil. 
Its deportment toward water, especially when charged with carbonic 
oxid, is also strongly suggestive of this conclusion. 


§ 65. This fact is of very general importance, as it applies to 
so large a portion of our soils; it also facilitates the interpretation of 
our analytical data, and enhances their value a little. The mass 
analyses show that our soils contain from 2.24 to 2.50 per cent. of 
potash—the latter seems to be the rule, about 2.50 per cent. The 
agricultural analysis of samples from all parts of the State show a 
range from 0.10 to 1.50 per cent. In fifty-eight analyses of samples 
from different counties of the State, only five fall so low as 0.15, and 
very few of the rest so low as 0.25 per cent. It is evident that, so 
far as the results of analyses are reliable, the soil with which we 
have been experimenting is richer in this constituent than the aver- 
age soil. This is, I believe, true of all of alkali land. 


ANALYSIS OF THE ACID SOLUBLE AND INSOLUBLE PORTION OF SOIL A. 


§ 66. The mineralogical composition of our soil, 7. e., quartz 
and feldspar, and the decomposition products of the latter, together 
with the results of our experiments with feldspar, suggest the combi- 
nation of the mass analysis and agricultural analysis to give us 
some idea of the relation of the agricultural analysis to the actual 
composition of the soil. We, therefore, in order to exhibit as fully 
as we can the chemical composition of this soil, give the agricultural. 
analysis of soil A, together with the analysis of the residue desig-: 
nated as insoluble in the agricultural analysis. 


TABLE VII—ANALYSES OF THE ACID SOLUBLE AND INSOLUBLE: 
PORTION OF SOIL A. 


Solublein HCl.,sp.gr. Insoluble in HCL., sp.gr.. 
1.115, 5 daysdigestion. 1.115, 5 days digestion. 


Per cent. Per cent, 
SHiltee ANGTCL oe cn op oeeeo Doors BOee 17.875 46.870 
SulfurieeN cid nc. -clstess aeteteiss eels os 0.827 None 
(Chin some INO aadodee osonmbon dooode LOBE te pe Oe RN OR itscty as 
@ ior cess ote icone cise eee arnt COL a eee Ach 
IPHospMOricwA GIG. cise alec aoe ieleiei ete 0.112 None 
IEG Soh so6S Ge OOEeD ASH ae GOMEeU ceDaoor 1.495 0.800 
SOG ue oh on os uasodneopU como tere Tobe 0.624 0.560 
NEATINO RP er eae e siers esis lier cies tetetecaleteae 2.479 0.310 
MENGE ia 5 hae BAD DOOD MERC SUIS Or 1.649 0.170 
Inga Obalebae po on cep been On en ansnor 4,075 0.400 
PACHIMIMIC HONIG obser) cae eke 7.387 4,330 
Memenvsire Osstlingscocboucovs Goonbot 0.200 Trace 
Moisture belOUm Cercle tet BIAS oye Me ean RA ee 
Meemitiomiretsraa crc: cieletinseotmte miokelolsiererni el: LOL ME ee ge, NSE rate 

46.640 53 
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DISCUSSION OF ANALYSIS. 


§ 67. This analysis shows that 65 per cent. of the potash, 63 
per cent. of the alumina, 90 per cent. of the oxid of iron, 27.6 per 
cent of the silicic acid, a very high percentage of the lime and mag- 
nesia, and the whole of the sulfuric and phosphoric acids, were 
removed or, as in the case of the silicic acid, rendered soluble in 
sodic carbonate. If the silicic acid rendered soluble by this treat- 
ment be taken as the measure, then the action of the hydrochloric 
acid on the soil was between six and seven times as great as it was 
on pure feldspar, and probably not more than one sixth of the 
silicic acid could come from the decomposition of this mineral. 
The potash dissolved out of the soil is about 75 per cent. greater 
than was taken into solution from the pure, fresh mineral. The 
relative amount of soda dissolved out of the feldspar was high com- 
pared with the amount of potash dissolved, but low when compared 
with the percentage of soda dissolved out of the soil. A glance 
at the analysis shows that, taken roughly, 50 per cent. of the soda 
in the soil was dissolved out, but only about 25 per cent. of it went 
into solution in the case of the feldspar. The relatively large 
amount of soda dissolved out of the feldspar by digestion with the 
dilute hydrochloric acid, is probably due to the fact that the feld- 
spar used was not wholly composed of the potash feldspar, ortho- 
clase, but may have contained an admixture of oligoclase, another 
feldspar, rich in soda and more readily attacked by acids. When 
we take up the portion of the soil soluble in water we shall see that 
some, as much perhaps as one third, of the soda is present in a form 
readily soluble in this menstruum, and in this case belongs to the 
“alkalis” present. 


THE WATER-SOLUBLE IN THE SOIL. 


§ 68. When these soils are treated with fresh portions of water, 
so long as they yield either chlorin or sulfuric acid to the water and 
the amount taken into solution is determined, we find it ranging 
from 0.389 per cent. to 2.550 per cent. Soil A yielded the highest 
amount to water, 2.55 per cent., taking the sample to a depth of ten 


POA as high as 3.93 per cent. taking the first two inches of 
the soil. 


§ 69. In stating the analyses of the portions of different sam- 
ples soluble in water, I have combined the acids and bases and give 
the salts alongside of the direct analytical results. The order fol- 
lowed in combining them will be apparent to anyone upon an 
inspection of an analysis. I have adopted this order and have been 
as uniform as possible throughout. This order is convenient and 
probably represents the salts present in the soi! as nearly as any 


other which might have been adopted, but it is certainly not always 
correct. 


Tur Sort. 33. 


§ 70. The water-soluble has been determined in one set of 
general samples, but has been analyzed in only one case, that of 
sample B, taken in 1897. The analysis is not wholly satisfactory, 
showing too large an excess of sodic oxid, even after using all of the 
silicic acid present. A large quantity of organic matter in an 
analysis is sometimes accompanied by an excess of soda. This 
analysis was made on a smaller amount of material than the 
analyist was accustomed to, and other conditions did not contribute 
either to his comfort or to the accuracy of his work. The water- 
soluble amounted in this instance to 0.878 per cent. of the soil. 


TABLE VIII.—ANALYSIS OF THE WATER-SOLUBLE IN- SAMPLE 


’ 


Per cent. Combined. Per cent. 
INCICPACT Cite ey 2.20). aEs See aes 1.516 Calcic:Sultatecene ere eee 36.633 
HULL OP AGCIC 6 hve. cporereye wise eens 50.451 Magnesic Sulfate............. 22.824 
Warbonier ACiC= «2452 cons sa: 0.140 IROtASsICL SUlitalomeeee eee 4.659 
O@iitonnns wetter ea oe ne 1.529 Sodic| Sulfatemn eee ee 20.513 
SOCIO RIG an. cae Ae fers oe 14.423 Sodiez Chloride eee eee 2.523 
OLASSICRO) RiGee rns a -tie ea acters 2.517 Sodices CaLbonalonee entre 0.337 
Ceeret Ora ts beet ale tae renee 15.091 Sodice silicates eee eee 3.078 
MaonesictOxidiy: 7. 2.2. ctm clot 7.608 Aluminic.and Ferric Oxids... 0,152 
Aluminic and Ferric Oxids... 0.152 | Manganic Oxid ............. not det. 
Mancanie Oxid'(br)q. 6 ess. - not det. Tonitiongce are ee ae 6.885 
Liseari Ft0s0W ¢ ate: AERReRE OS COCO BEE 6.885 = 
_—— SUMS Cae eee 97.604 
SUMNER Set) ee eee 100.312 IXCessioh SOGaneeren rarer 2.400 
Oxygen Equivalent to Chlorin. 0.344 oe 
= Dotalesn carter rie Tere 100.004 


§ 71. Analysis shows that the whole of the sulfuric acid in 
these soils is soluble in water and in hydrochloric acid. The soil 
analysis of B, sample taken May 13, was made on the same sample 
that was extracted with water and the analysis of which extract is 
given above. The difference when the sulfuric acid is calculated 
into percentage of the soil is far within the limit of the analytical 
errors, being only 0.045 per cent. In regard to the order in which 
the acids and bases have been combined, it appears that there is 
but little choice. The water-soluble consists essentially of sulfates. 
The above residue was obtained by washing the soil so long as the 
water with which it was digested in the cold for twenty-four hours 
showed any trace of sulfuric acid. The water used in the particular 
case given, sample B, was not measured, but it was in all of the 
cases to be given and ranged from 18 to 45.5 litres per 1,000 grams 
of the soil. 


THE WATER-SOLUBLE PORTION OF THE SOIL DIFFERENT FROM THE 
INCRUSTATION. 


§ 72. It may be well to anticipate a later discussion to the ex- 
tent of stating that the water-soluble in the soil is not the same, as 
the “alkali” that effloresces from the soil. The salts are of the same 
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kind, sulfates, but while the predominant soluble salt in the soil is 
calcic sulfate, that in the alkali which effloresces from this ground 
is sodic sulfate, with magnesic sulfate second in quantity, while the 
calcic sulfates is but little greater than the sodic chlorid. 


§ 73. The analysis is not unsupported in showing a large 
amount of calcic sulfate to be present. I caused several boxes of 
the soil to be gathered and planted with beet seed. These boxes 
were covered with glass and left standing for some days. When 
they were examined again there was an abundant crop of fine 
acicular crystals of gypsum uniformly distributed over the surface. 
Inspection of the soil as it was turned up by the plow also showed 
this substance to be present. Its abundance suggested the possi- 
bility of this soil having sometime received a heavy dressing of 
gypsum, in the hope of correcting the evil of the alkali, but I could 
not learn that such had been the case, and the presence of the gyp- 
sum in its present quantity seems to be due to accumulation of this 
salt from the evaporation of the ground water. 


WATER-SOLUBLE PORTION OF THE SOIL DIFFERENT FROM SALTS IN 
GROUND WATER. 


§ 74. The salts held in solution by the ground water agree 
more nearly with the water soluble in the soil than those which 
effloresce and are considered as alkali, but even the ground waters 
are not solutions of the water soluble portion in the soil. They 
differ in two essentials, in the amount of silicic acid and also in that 
of potash, which they contain. The water-soluble portion of the 
soils being richer in these constituents, sometimes containing ten 
times as much of one or the other of these. The water-soluble in 
the soil, on the other hand, is not at all uniform in its relative con- 
tent of sodic sulfate, and is oftener poor in this salt than even 
mediumly rich. In only two cases out of the eight following analy- 
ses does it constitute any considerable fraction of the water-soluble 
salts, and in these cases its presence in such large quantity, 17.7 
and 27.2 per cent. of the soluble salts, is probably due to its concen- 
tration at the surface and its subsequent washing back into the soil, 
as the samples represented the first two inches of the soil from sec- 
tions where efflorescences are always formed under favorable condi- 
tions. The fact that the water-soluble salts are richer in potash 
than the soil water is explicable by the facts which have been 
demonstrated, by the action of water on the feldspar and the prop- 
erty of certain compounds in the soil of exchanging lime for potash 
brought into contact with them through the agency of solutions, 
the ground water being in this manner deprived of its potash, re- 
ceiving lime in exchange. The analyses of the parts of the soil 
classified according to the size of their grains showed an increasing 
percentage of potash as the grains of the respective parts became 
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finer, until it reached its maximum in the dust and clay. The con- 
tinued treatment with pure water, used in small portions at a time, 
yet relatively large compared with that acting upon the same 
amount of soil in the field, may act more energetically upon the 
feldspar than the soil waters do, but in considering this the pres- 
ence of carbonic acid in the soil is not to be neglected, as it 
strongly tends to increase the solvent action of water upon this 
mineral. 


§$ 75. The analyses of the water-soluble portion of these soils 
show, as a rule, very much more silicic acid than is present in the 
residues from the ground waters. This fact, together with the 
higher percentage of potash which the water-soluble portions 
uniformly contain, suggest that the reaction itself is either primarily 
different or that there is a subsequent reaction between the ground 
water solution and the soil. The known ability of soils to remove 
potash from solutions seems to make it probable that such secondary 
reaction takes place. The more exact nature of this reaction is not 
known. I believe, however, that such a reaction would account 
very largely, if not wholly, for the accumulation of the potash in 
the very fine portions of the soil, among which these newly formed 
and highly reactive compounds are included. 


THE WATER-SOLUBLE PORTION OF THE SOIL. 


§ 76. The following tables exhibit the composition of the 
water-soluble portions of the first and second two inches of the soil. 
They give us an idea of the differences which exist in the salts of 
the different layers of the soil, but no correct idea of the distribution 
of the alkali, for the samples were taken on different dates. 

That which has already been said in regard to the order in 
which the acids and bases, oxids, have been combined probably 
needs to be emphasized. The order adopted seems to be the most 
convenient one for the majority of cases, and approximates the facts 
in these cases, but is not always correct. Phosphoric acid, when 
found in these residues, has been combined with magnesia. While 
this may be correct, it is more probable that it was in combination 
with lime. Its quantity, however, is so small that no great violence 
is done to our knowledge or to the facts. 
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TABLE IX.—-WATER-SOLUBLE, SOIL A, FIRST TWO INCHES. 


Per cent. 
Silici@PACid. sercm-tet oer 0.574 
Sulfurrey Acid eee amen:sceanise 49.411 
PHOS pPMOric VACICi aes) peer None 
@arbonic! AcidWay.pias ee OL ee 
Chlorine 23 strana. cic eeeiane 5.557 
IROCASSIC | OXIG sees eee 1.223 
SodiclOxid nya erence eee 14.301 
Calcict Oxides ere 16.189 
Marnesic) Oxidwe ance -perer 7.635 
Aluminic and Ferric Oxids... Trace 
ManvaniciOxid.: ances nee 0.297 
IePoNNGKON, Goh bumotoncus odode a6 5.058 
SUM weet eco 400. 966 


Oxygen Equivalent toChlorin. 1.252 


Totalts.jteacacsctice eee 99. 714 


Combined. Per cent. 
CalcieiSulfatesne-.- a eer 39.289 
Magnesic Sulfate .... ........ 22 924 
Potassies Sulfate. sere ee oes 2,263 
SodiciSulfatew aco. «4.-se ore 17428 
Sodic: Chioridis ee aster 9.167 
Sodic;Carbonatelse aes seer 1.737 
Sodie#Silicatews. 2... oe ere 1.165 
Aluminic and Ferric Oxids .... Trace 
Manganicl Oxidase seer 0.297 
Tomitionsa-s asec eee r re 5.058 

SulaG.ck occa ene eee 99.628 
Excess of  Sodic Oxiditets.ceee 0.081 
Total iscc he be on eee 99.709 


The percentage of water-soluble equalled 3.93. 


TABLE X.—WATER-SOLUBLE, SOIL A, SECOND TWO INCHES. 


Per cent. 
SilicichA cides. se oe 1.999 
SulfuriceaAcidhs..ccctocss tol eo 
PhosphoricwAGideeeyscmestnre 0,129 
C@aroonicrAcid ya. p.- cet o> 
Chlorineetescclecsnce te ere 0.939 
Potassic: Oxide ares sare eee OO 
SodicOxidts pie ee 4,429 
CalcickOxid sae ean eee 26.617 
MacniesicuOxiduassuans eee 7.591 


Aluminie aud Ferric Oxids ... 0.161 


Migharepvae(OReCh. Sonn acs so ode 0.209 
OMI tion eet Pees os aaa 2.173 
Sum.. 100. 569 


Oxygen Equivalent toChlorin. 0.212 


Combined. Per cent. 

Caleie Sulfate. ............2. O4594 
Magnesic Sulfate............. 20.642 
Magnesic Phosphate ......... 0 229 
Magnesic Carbonate ......... 1.285 
Potassic Carbonate....2...-.. 2.185 
SodiciCarbonate sa. aeneneee 4.157 
Sodiet@hloridivs. pee eee 1.549 
Sodic=Silicate. ce eee eee DRBIUP? 
Aluminic and Ferric Oxids ... 0.161 
Manganic Oxidvyacceneeeeee 0.209 
Tomitiony co sie crcl toes cee erie 2.173 
SUN Senses eon eee 99.496 
Excess of  Silicic ACidne eee 0.861 
Total Ricci a eee 100.357 


The percentage of water-soluble equalled 2.55. 


TABLE XI.—WATER-SOLUBLE, SOIL B, FIRST TWO INCHES. 


Per cent. 
SiNCiczACidhpen ss. aoe ee Son SE 
SuliuriesAicidver sn eee 47.649 
IPhosphoricv Acide ass) an. sae None 
Garbonie Acid® 25.4205) cel8 1.311 
CHOTA eee ees ae 4.008 
Potassick@Oxidias: cscs eee 2.048 
SOdICLOXIdieeee eee 18.632 
CaleiczOxidaee unseen rie 13.900 
Masnesicg@ xidieeese ree ne 5.365 


Aluminie and Ferric Oxids... 0.113 


Mangvanici@xidiien eee 0.266 
Tonition sacs e oe 6,281 
SUMs eee cee 100. 921 


Oxygen Equivalent to Chlorin. 0.903 


Combined. Per cent. 
CalcicsSulfatesaee eee 
Magnesic Sulfate............. 16,108 
Potassic: Suliatow seers 3.789 
Sodie'Sulfatel22. a5... eee 229 
Sodics@hloridy. see eee 6.612 
SodiceiCarbonatenen nee 3.158 
SodierSilicatemeacc. cnn ee 2.714 
Aluminiec and Ferric Oxids... 0.113 
Mangcaniei@ xidimeeryn cere 0.266 
Lenition gene stein cae 6.281 

SU eee oh a ee 100.003 
Excess of Silicie Acid ........ 0.012 
Total... aan nee OUOLS 


The percentage of the water-soluble equalled 0.75, 
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TABLE XII.—WATER-SOLUBLE, SOIL B, SECOND TWO INCHES. 


Per cent. 

SCION A CIO ween Mees ek, ne 6.768 
DStEECUTIGZAGIds ah eee cc ee 40.378 
PhosphoricvAcid ct. oases. 0.407 
CarboniesAcid’. .. ose es0 08. 4.738 
Chlorine a. wet Se 2.821 
IPOLASSICCORIGY 5,5..6 ide cee 2 042 
SOdICPONIG ie oe fee ores 9.826 
CaleiClONids cre oe sot es 19.165 
IMEEMORIGIOXIG .cgoe nue se 6.954 
Aluminic and Ferric Oxids.. 0.390 
Weanganre OxXids cs. .ssnet 0.760 
REAIGIOM Gere Se ne ch [6.387] 
Suite ek ee. 100.636 


Oxygen Equivalent toChlorin. 0.636 


Combined. Per cent. 
CalcicsSulfatomes sees taeee ene 46.510 
Magnesic Sulfate............. 16.939 
Magnesic Phosphate.......... 0.751 
Magnesic: @hloridivan.- oscar 2.296 
IRLONGIEIKE. SHUI. 5.5 pee Boon ae 3.778 
Sodicl Chl origin eee 1.825 
Sodic Carbonate.............. 11.414 
SOMO STIMOMES Ao om antabceeoGgor 4,295 
Aluminie and Ferric Oxids.... 0.390 
Manganic: Oxid Samer eer 0.760 
Lonition Aas. seme ee eee [6.387] 

Sutin atte eee 95.345 
Excess of Siliciec Acid......... 4,654 
Totalitec scent eee 99.999 


The percentage of water-soluble equalled 0.389. 


TABLE XIII.WATER-SOLUBLE, SOIL C, FIRST TWO INCHES. 


Per cent. 
Sibicicencideers =. wee ee ten 1.084 
SulfaricsAcid 5 oc. ose 48.826 
phosphonic yA Cid aanete oelse. None 
@arboniG, ACIC =o) ..... see ass A 03015) 
Cin Cie ly pte =e ee eee 4.321 
LESUR REO LO hats bee Ree OME E 1.338 
BOCICIO NICU se ee ah 10,190 
Calcicz Oxides sae 17.826 
Magnesic Oxid.. .. 8.080 
Aluminiec and Ferric Oxids.. 
Manoanice Oxide cee 0.342 
[Were aie eo eee one nee gee 8.281 
SOUL are es ey A ee 100.673 


Oxygen Equivalent to Chlorin. 0.978 


Doral Mee oe ~ 99.700 


Combined. Per cent. 
CalcreiSulfateymenn ee eee 43.260 
Magnesic Sulfate......... ...- 24,260 
IPOtassic: sul fdtereaaan ae 2.475 
SodicSultatomee a eee 10.789 
SodickChloridmes see eee Las 
Sodicn Carbonate en eee 0.928 
Sodiec Silicate. ..... BRS oe PAO 
Aluminic and Ferric Oxids oe 
Miaiio-a ics @) x Gia eee 0.342 
Ignition Fu Bites oh wean o: Cate ae 8.281 

Sui 9.255. ee eee eee 99.665 
Excess of Sodic Oxid......... 0.031 
Potala. . ier eee 99.696 


The percentage of water-soluble equalled 2.0544. 


TABLE XIV.—WATER-SOLUBLE, SOIL C, SECOND TWO INCHES. 


Per cent. 


SHINGO TO sa Woe le. hens Berton meter ee 9.095 
SUM Cee ACI een eacts ferent: 34.832 
Phosphoric Acid... ses. 02. 0.522 
Carbonic Acid ..... NL Nie Se 5.558 
Gl Orie eae estore riers tbe 2.663 
inisicie Osa, soon oamese eT Oo 
SOCICAOxI Ge ascites cs PeOMIS 
@alcic Oxide were. aso om 20,08 
Magnesic Oxid...... tao Gelli 
Aluminic and Ferric Oxids ... 0.878 
WignavegrisuKe (O>-d16ll Bae a pede eae ac 0,245 
GAMA eo Accu oeeoe BOOee O00 

Sum 100.951 
Oxygen Equivalent to Chlorin. 0.600 

MO falee seas Saccy agers te 100.351 


Combined. Per cent: 
Caleie:Sultatenee mance eis 50.917 
Magnesic Sulfate...... Lae, 3.197 
PovassicsSwitate me wees ere 6.016 
Maenesic Phosphate.......... 0.963 
Niaoies| Ca @ WlOnidie re eerie 3.565 
Magnesic Carbonate.......... 8.646 
podic Carbonate ......2. 25.0.) 2490 
SodicuSilicatot sane cece 14.418 
Aluminic and Ferric Oxids... 0.898 
iMancanice O)xiCeemnnice ere ect 0.245 
RovaitiOMi eee veeeyac cra cise stent 6.996 

SUT eee eee Meese a 98.351 
Excess of Silicic Acid ........ 1.998 
Notallvex-te ice a sneer 100,349 


The percentage of water-soluble equalled 0,818, 


38 BuLueTiIn 65, 


TABLE XV.—_WATER-SOLUBLE, SOIL D, FIRST TWO INCHES. 


Per cent. Combined. Per cent. 
SiliciceAcidaenya co ese or erereee 2.261 Galcic Suliaton see eee eee ee Ogo 
SultumtegAcidit ssa eeae ae 48.354 Magnesic Sulfate......- A ier 16.473 
PhosphoricvAcid i a. eae Potassic Sullatecnernc.- ccs ae 7.015 
C@arbonicPAcide 5.20 once ee eee OOS Sodie Sulfatessee as: eee 4.682 
Chicrin¥te sae ns ee eee 2.670 Sodic Chlorids )4.... 5 .- .-- 28 4409 
iRotassics Oxide eee coe eHTee Sodici@arbonateswyeck «> cele ce 1.841 
SodicOxidamanaiause score 5.604 Sodic  Silicater sts eetae 0.282 
Calcics@xid fae eee 22.084 Aluminic and Ferric Oxids .... 0.011 
Miermigene (Oks! ses ocuscoscoct 5.486 Mancanic Oxide eee 0.662 
Aluminic and Ferrie Oxids ... 0.011 Isc pyoodqqb0d455000000006 8.789 
ManevaniciOxid ances renee 0.662 = 
GIN ELO Maher te ecvensristarensteene eee 8.789 SU See onion Dee eee 97.753 
—_——— Excess of Silicic Acid ......... 2.122 
SWINE eee: ster ree ie 100.477 ——— 
Oxygen Equivalent to Chlorin. 0.602 Total. tests doo aee eos 99.875 
Totalincss aaah ene eee 99.875 


The percentage of water-soluble equalled 0.800. 


TABLE XVI.—WATER-SOLUBLE, SOIL D, SECOND TWO INCHES. 


Per cent. Combined. Per cent. 
Silicic Acid ........ SPR 3.354 CalcicSuliatesaaaaoce meee 67.116 
Suliurice Nc caesar eee 44,392 Magnesic Sulfate............. 7.397 
iPhosphoricvAcid sass ree Trace Magnesic Carbonate.......... 7.202 
CarboniceAcidine are ee OS Potassic Carbonate........... 1.922 
Chlorine, Ra A ed 0.632 Sodiez Chloride eee 1.042 
IRolassicu@xid ee ee eee 1.310 Sodici@arbonateras...045 soo 3.265 
SodichOxiditye).ceon en eee 5.594 SodiceaSilicatomenass eee cee 6.164 
CalcickOxid eoscoke teks hee 27.656 Aluminic and Ferric Oxids ... 0.448 
Magnesich@xidmanc sees 5.895 MancaniciOxidiitnrccr ser 0.227 
Aluminic and Ferric Oxids... 0.448 Temitionmersse cis ccre ei eats 4.919 
Miley VOT: OMG on5eoo06 cou ne 0.227 SSeS 
IRCA AMNGO NT, 55.6 celica doen Saou oe Seco 4,919 SUMS ecto eee OO 
-———— Excess of Silicic Acid ........ 0.321 
Sule. cen eer tee eee 100.160 SS 
Oxygen Equivalent to Chlorin. 0,142 Total Ae ects aioe 100.018 
otal Pen ken irre ive 100.018 


The percentage of water-soluble equalled 0.864. 


$77. The quantity of water used in extracting the soils 
ranged from 18 to 45.5 litres, and the time of extracting from 14 to 
68 days. It was thought that the long time and large quantities 
of water used might have made some differences in the results 
which a quick extraction would make evident, but two experiments 
made on quantities of 10 and 150 grams each failed to show any- 
thing of sufficient interest to lead us to prosecute the work. The 
silicic acid, sulfuric acid, lime and magnesia extracted from 10 
grams in from 30 to 45 minutes differed but a few hundredths of a 
per cent., when calculated on the soil used, from the figures obtained 
in the more carefully prepared extract. In the experiment with 
150 grams the alkalies and magnesia with the silicic acid went into 
solution more readily than the last portions of lime and sulfuric 
acid. This is entirely in accordance with the properties of these 
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sulfates, but tends to show that the silicic acid is present as easily 
soluble silicates, probably as an alkaline silicate. 


THE DISTRIBUTION OF THE SALTS IN THE FIRST AND SECOND TWO 
INCHES OF THE SOIL. 


§ 78. I regret exceedingly that these sets of samples were not 
taken on the same date, but the record shows them to have been 
taken nearly a year apart. The set representing the first two inches 
having been taken in June, 1899, and that representing the second 
two inches in May, 1900. The two series are not comparable, 
except in a very general way, but the members of the series are 
perfectly so among themselves. The larger features of their differ- 
snees are probably thoroughly representative of the facts, and show 
that the first two inches of the soil contains a somewhat higher per- 
centage of soluble salts than the second two inches; that the sodic 
and magnesic sulfates constitute a materially higher percentage of 
these salts than they do in the second two inches; that the first two 
yielded less silicic acid than the second two inches; that the potassic 
oxid soluble in water is very irregular, but is present in both series 
in significant quantities ; that there is no soluble phosphorie acid in 
the series representing the first two inches, and is present through- 
out that representing the second two inches. I was at first inclined 
to think that this was an error, but it is not. The plots from which 
these samples were taken had been cultivated, but had not received 
any manure. 

§ 79. The uniformity of the presence of phosphoric acid as 
well as the significant quantity in which it is present is a matter of 
some surprise. Phosphoric acid is sometimes present in drainage 
waters in appreciable quantities, but usually only in traces. I have 
repeatedly tested the residues obtained by evaporating the ground 
waters of this plot for phosphoric acid, but I have not been able to 
prove the presence of a trace of it. 

In regard to the silicic acid, a trifling amount of it might have 
been derived from the glass by solution, aided by the repeated 
shaking of the mass in the bottles, but the solutions made quickly, 
using freshly distilled water, gave the same results. 

THE ALKALI. 

§ 80. The efflorescence which forms on the surface of the soil 
is popularly called alkali, and is of common occurrence in many 
places in all parts of the State. It is not my intention to go into 
this subject at present, except as it pertains to this particular soil. 

§ 81. There are small areas almost everywhere, especially in 
irrigated sections, which at times are white with a crop of these 
salts. They are not sightly from the agriculturists’ standpoint, but 
are much less injurious in themselves than the conditions which 
admit of their formation. We have seen that among the salts 
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present in the soil are sodic, magnesic and calcic sulfates, and sodic 
chlorid. This is not the order, according to the respective quan- 
tities in which they occur in the soil, but in the incrustation formed 
on the top of the soil. There is an order, seemingly, in which the 
salts come to the surface or are brought there by capillary action, 
the sodic and magnesic sulfates forming some 80 per cent. of the 
total salts brought to the surface and deposited from the solutions 
in this soil. The character of these deposits, these alkalies, will vary 
in different localities. This variation undoubtedly depends upon 
the nature of the solutions in the soil, 2. e., the salts present in the 
ground water, rather than upon the nature of the water extract 
which we may be able to make of the soil. The salts present in the 
ground waters are intermediate in the order of their relative quan- 
tities between the water-soluble in the soi) and the alkali incrusta- 
tion, but are of the same kind. The analyses already given of the 
water-soluble salts, and those given in the following tables, repre- 
sent the extremes for our soil. 


TABLE XVII.—ANALYSIS OF ALKALI FROM SOIL A, JUNE 23, 1897. 


Per cent. Combined. Per cent. 
SiliCiewA Gide way os aioe 0.282 CaleieSulfatemcesssicee cee 7.518 
SulturicwAcidya, a. ceiscicels oe 53.637 Magnesic Sulfate... .o..- ses 27.408 
@arbonicyNcid. eer ane ao ORs Potassic: Sulfates... se oc oee 0.963 
@N Grins Beet cc ee een ene 2.103 SodiesSiliiaceg.e sees 53.682 
iPotassica@ x1 m0 ucecne vee 0.520 Sodici@hloridt-e ote ee 3.470 
SOdIQ@ORIm es siusse ser eee 28.259 Sodic: Carbonate... eee 1,237 
@alciciOxiGie. . ost ceiraene 3.097 SodiciSilicatesc.. eee 0.572 
Maonesici@xidinn ptea)lmeles 9.136 Aluminic and Ferric Oxids... 0,090 
Aluminic and Ferric Oxids... 0.090 Mancanic: Oxide eee 0.117 
IMigvaggUG OCLs pond doeancsode 0.117 Tomitiony g..c-e atc eee eee 3.112 
Tomitiomee net. «choc sts teen 3.112 
os Sum) ook os ester on eee 98.168 
UT TTa TE, GAN Mea ca ee tre 100.596 Excess of Sodic Oxid......... 1.954 
Oxygen Equivalent to Chlorin. 0.474 = 
os Total accra ee 100.123 


TABLE XVIII._ANALYSIS OF ALKALI FROM SOIL A, JULY 5, 1897. 


Per cent. Combined. Per cent. 
SiliciceACidwmemre ceaieneecee 0.129 CalcictSulfate eesee cee eeae 3.323 
SULGUEICBAG Classe tia fete are 52.127 Macnesicisultaten scene 29.059 
(CRIA SEO ANGE, song connoean bes 0.488 Botassicisultaten: eee eee 0.580 
Ghloringeeree cee ee ae 5.574 Sodrc:Sultatese eee eee 54.217 
IR EREG OG cog cove gabe moos 0315” | aSodien@ilonidiews: sees 9.198 
SodiciOxidy wens ceri 29 785 Sodic: Canvonatewn+ et eee lla bray! 
WalciczOxidpernc eerie hirer 1.369 SoOdicisilicatomereereeis eres 0.262 
MasnesicvOxidnereets. aan ise 9.684 Aluminic and Ferric Oxids .... 0.111 
Aluminic and Ferric Oxids... 0.111 ManganiciOxadeeeny eee 0.101 
IMEWaEETANG ORME, coconavsoosd sc 0.101 Tenitioric etry tet eer: OF she ae 1.571 
LoOnitrongern ce eee cwes ts erer 1.571 ———— 
Sum cielo oO OLOON 
QUT ee a eee 101. 954 Excess of Sodic Oxid. a atoncuanatree 0.396 
Oxygen Equivalent to Chlorin. 1.256 es 
Zh Total i) sae tinotn oe one 99,997 

Totale cscs een eae 99.998 
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These analyses are sufficient to show how very different the 
percentages of the various salts are in the alkali, and in that portion 
of the soil which is soluble in water. The latter contains a rela- 
tively small amount of sodic sulfate, the former a large amount. 
The sodic sulfate, together with the magnesic sulfate, is concen- 
trated in the alkali. 


FORMATION OF ALKALI INCRUSTATIONS EXPLAINED. 


$ 82. The formation of these incrustations effects a rough’ sep- 
aration of the markedly efflorescent salts, sodic and magnesic sul- 
fates, from the permanent calcic sulfate. Ordinary salt, sodic 
chlorid, which is present, is also concentrated in the alkali, but not 
nearly to a like extent, as those already named. The highest figure 
obtained for the sodic sulfate in any sample of the water-soluble is 
in the first two inches of soil designated as B, in which it amounts 
to 27 per cent. In the alkalies it is practically 54 per cent., or twice 
asmuch. The highest percentage of magnesic sulfate in the water- 
soluble is 24 per cent., found in the first two inches of the soil C, 
while the average for the two samples of alkali is 28 per cent. The 
decrease of the calcic sulfate from the amount present in the water- 
soluble to that present in the alkali, is more marked than the in- 
crease in the sodic sulfate in the alkali given above. The mini- 
mum of the calcic salt found in the water-soluble is 34 per cent., the 
maximum 67 per cent., while the amount in these alkalies are 7.5 
and 3.3 per cent., respectively. ‘These relations show us the deport- 
ment of these salts when present in the soil solutions, whose surfaces 
are brought up and exposed to the evaporating influences of the at- 
mosphere and sun. It is quite a different matter when the free 
surface of the water in lakes and ponds is presented to the same. 
In this case there is simply an evaporation to dryness, and 
the residue represents the salts held in solution by the waters, 
whereas, in the efflorescing alkalies we have the chemical and phys- 
ical properties of these salts playing an important, if not the most 
important part. The sodic sulfate is predominant in the alkali, 
not because there is more of it in solution in the soil, but because it 
is separated more readily at the surface of the solution than the cal- 
cic sulfate. Magnesic sulfate also passes out of the solution more 
readily than the calcic sulfate, not because there is more of it in the 
solution, but because its chemical properties are different and its de- 
partment toward the dissolving water and the soil particles is dif- 
ferent. This subject wili be discussed more fully and facts given, 
when we consider the soil waters. I wish, however, to emphasize 
the fact that the efflorescent alkalies are quite different from the resi- 
dues left by evaporating bodies of water; such residues seem to be 
intermediate between those obtained by evaporating ground waters 
to dryness and the salt brought to the surface by capillarity and 
separated as efflorescences on the ground. 
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ALKALINITY OF THIS SOIL. 


§ 83. Several attempts were made to estimate the alkalinity of 
the soil, but without satisfactory results. It was simply determined 
that they all reacted with cochineal and a properly prepared litmus 
solution, showing an alkaline reaction. This reaction was more de- 
cided when the moistened soil was placed on litmus paper and al- 
lowed to remain there for a few minutes. While the samples were 
all alkaline, none of them were strongly enough so to permit of its 
determination by a one hundredth normal acid solution. I was not 
at all satisfied as to the cause of the alkaline reaction, for the sam- 
ples of soil which had been washed free from the sulfates still 
showed the reaction when placed on litmus paper. 


FREE AMMONIA IN THE SOIL. 


§ 84. Though aware of the unsatisfactory results obtained in 
endeavors to make this determination, I thought that the peculiar 
character of our soil and the very frequent occurrence of similar 
soils in Colorado, would justify me in making the attempt. 


§ 85. The samples were taken in their fresh condition, mag- 
nesic oxid added, and after standing a short time, an hour or so, 
were subjected to distillation. Ammonia-free-water was used 
throughout this experiment. The disillate at first was rich in am- 
monia, and while it became poorer and poorer, it continued to give 
a decided reaction with Nessler’s reagent for ten days, when the ex- 
periment was stopped. It the case of sample No. 3, the whole of the 
ammonia was given off in four days. Three samples, Nos. 1 and 3 
from plots which had not received any manure, and No. 2 from a 
manured plot, were subjected to distillation. The results obtained 
were : 


No. 1. Ammonia in dry soil-.--0.00962 per cent. 
No. 2. Ammonia in dry soil----0.00765 per cent. 
No. 3. Ammonia in dry soil-__- 0.00367 per cent. 


The persisteney with which the ammonia continued to come 
over, showed that it was probably being formed during the distilla- 
tion and was not originally present as free ammonia, or as ready 
formed ammonia salts. In order to obtain as much evidence as 
possible regarding the occurrence of free ammonia in this soil, a 
fresh portion of sample No. 1, was taken and subjected to distilla- 
tion with the addition of amimonia-free-water alone. The distilla- 
tion was, as in the previous cases, permitted to proceed very slowly 
until two and a half litres of distillate were collected. There were 
still traces of ammonia coming over. The ammonia obtained 
equalled 0.00211 per cent. of the dry soil. The comparatively 
abundant evolution of ammonia in the early stages of the distilla- 
tion with magnesic oxid, and the decided quantity yielded upon 
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distillation with pure water, prove the presence of both ammonical 
salts and free ammonia in this soil, and the samples show that 
the amount of them was not dependent upon the manure added 
to the soil one year previous to the time that they were taken. 
I interpret the formation of ammonia salts and free ammonia in 
this soil, as indicating unfavorable biological conditions. The 
sample numbered 1 in this series is from that section of the plot 
which I have described elsewhere as a paludal soil. Its reclama- 
tion was not at this time complete. I may be mistaken in this 
view, but I believe it to be the explanation, and that the larger 
quantity of ammonical salts and free ammonia were due to the 
greater resistance this soil had presented to the ameliorating effects 
of cultivation. 


§ 86. The examinations made of the ground waters, not only 
strengthen but extend this view. The ground waters show not only 
ammonia, but large amounts of nitrites, indicating a probable re- 
duction of nitrates in some zone of the soil. The presence of am- 
monia in the upper portions of the soil is probably the most sus- 
picious of all of our facts, as it seems to indicate a slow oxidation, 
and brings the zone of denitrification to the very surface. 


VOLATILE ACIDS IN THE SOIL. 


§ 87. Tbe conditions obtaining in this soil being such that 
acid fermentations might take place, an attempt was made to deter- 
mine the quantity of such acids, if any were present. Two samples 
of soils were examined for volatile acids; one had received manure 
and the other had not. The sample which had received manure 
yielded volatile acids, other than hydrochloric, equal to 1.3 ¢. ¢. of 
one hundredth normal soda solution. The one which had not re- 
ceived manure yielded volatile acids corresponding to 10.30 c. ¢. of 
the soda solution. These are exceedingly minute quantities and 
their only possible value is a qualitative one, suggesting that one of 
the effects of the manure added was to lessen the amount of these 
acids in the soil by modifying the character of the changes taking 
place within the soil. 


NITROGEN AND NITRATES IN THE SOIL. 


§ 88. Less has been done with this subject than appears de- 
sirable. My excuse is, that I have tried to study this subject in con- 
nection with the ground water, rather than with the soil, because 
there is no material and permanent accumulation of the nitrates in 
the soil, where it rezeives water enough, either as rainfall or as irri- 
gation, to remove them more or less nearly at the same rate at 
which they are formed in the soil. 


§ 89. The samples in which the total nitrogen was determined 
are comparable in a general way only, owing to the fact that the 
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‘soil is very varying, and that the samples were not taken from the 
same places in the plot. This variability in the soil is shown with 
greatest certainty in the amounts of potash in the different samples, 
these amounts varying much more than can justly be attributed to 
analytical errors. The series of samples in which I have made such 
determinations may serve as a measure of the changes which the 
cultivation of this soil had effected in the time elapsing between the 
taking of the samples The nitrogen determinations for the year 
1897 have not been taken from the table of “Analyses of Soils, Gen- 
eral Samples,” but were made on special samples. The samples for 
1899 are sufficiently described as manured and not manured, the 
manure having been applied in 1898, one year before the samples 
were taken. 


TABLE XIX.—TOTAL NITROGEN IN THE SOIL. 


1897. Per cent. 1899. Per cent. 
coniany ae) Vee haonindaeod os ooo d dace AlMUsPAL Noo) NOtamManinede a manna 0.0935 
Samiplonbisee a) ots seater 0.0945 INOS Sammanured epee 1.1700 
SamiplorCwi, eee a. eee OS z20 | No. 2, not manured............0,1355 
SMUT LOAD nae ciesicss tke smens eae 0.0819 Non? man Ured Met sn. senor nae 0.1295 
Samplecbia 21 Al SMe seem 0.1382 | No./1, not manured) 220.4258: 0.1316 
Sample: Esher eee ae ae OL OSL Noxiaimannred: ceva terrier 0.1312 


§ 90. The samples have been arranged in this table so that 
those representing the same general sections stand as nearly oppo- 
site each other as possible, but they are not identical. 


§ 91. The samples were taken in the same month of the year, 
and, so far as seasonal influences upon the nitrogen content are con- 
cerned, are comparable. The water received in 1899 was greater 
than in 1897. The general: effect indicated is an increase of nitro- 
gen for the whole plot. 


§ 92. No effort was made to follow the formation of nitrates 
in the soil from day to day, or from week to week, but the amount 
‘of this substance eliminated in the ground water was determined 
weekly for the seasons of 1897-98-99 and 1900. The nitrates have 
%een determined in but a single series of soil samples, representing 
‘the first and second two inches of the soils which had received no 
manure. The water-soluble, analyses of which have already been 
given, was determined in the same set of samples. The results are 
given in parts per million of the air dried soil. 


* Sample F is the subsoil. 
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TABLE XX.—NITRATES IN THE SOIL. 
Water-Soluble. Nitrogen. Nitric Acid. Potassic Nitrate. 


A—First two inches. ...39,314 0 7.075 31.746 50.930 
B—First two inehes.... 7,5130 36.062 161.814 259.598 
C—First two inches... .20,544.0 12.326 55.308 88.730: 
D—First two inches.... 8,000.0 19.200 86.152 138.214 
A—Second twoinches.. ...... Trace aUrACe™ Wy) ie eee eae 
B—Second two inches.. 3,890.0 0.389 1.745 2.800 
C—Second two inches.. 8,130.0 1.626 7.296 11.705 
D—Second two inches.. 8,640.0 2.073 9,306 14.929: 


§ 93. This indicates that, at the time these samples were 
taken, a very small percentage of the total nitrogen existed in the 
soil in the form of nitrates, and that the first two inches of this soil 
was at the time very much richer in nitrates than the second, also 
that different portions of the plot contained very different amounts. 
of these salts. 


DO SOIL SAMPLES ABSORB NITROGEN ON KEEPING? 


§ 94. The most of the nitrogen determinations given in this 
bulletin were made on fresh samples, but occasionally we found it 
desirable to check a determination on an old sample, one that 
had been in the sample room for one or more years. The samples. 
are kept with ordinary care, but not always sealed. The samples. 
which suggested this question had been carefully stoppered and 
kept two years, but had not been sealed. In order to answer thie 
question, a sample was taken and the nitrogen determined in dupli-. 
cate. The remaining portion of the sample was dried as usual, bot-- 
tled, corked and kept in the laboratory for fifteen months and the 
nitrogen redetermined in duplicate. The average of the first twe 
determinations was 0.1058 per cent., that of the last two 0.1066 per 
cent. The difference is 0.0008 per cent., which is possibly to be 
attributed to analytical differences, rather than to the absorption of. 
nitrogen in any form from the atmosphere of the laboratory. If, 
however, we accept the analytical results as correct, they show that. 
the sample gained a quantity of nitrogen, due to increase of micro- 
organisms, corresponding to 28 pounds per acre, taken to a depth: 
of one foot. 


HUMUS IN THE SOIL. 


§ 95. The humus in this soil is not especially low, asis the 
rule with our soils in general. The earlier determinations being 
slightly under one per cent., while the later ones average about one 
and one tenth per cent., a gain of about three tenths of one per cent. 
I thought that the physical condition of the soil and the presence of 
so large an amount of soluble salts would probably modify the 
character of the humus to a sufficient extent to cause some marked 
changes in properties or composition sufficient to justify its analysis. 
This was not found to be the case. The humus is very much like: 
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other humus, and is much more like the humus of the Southern and 
Eastern States, as given by Hilgard, than the humus of the prairie 
soils of the arid regions, which are supposed to be rich in nitrogen, 
carrying, according to Hilgard and Jaffa, as high as 18.5 per cent. 


§ 96. A quantity of soil was treated as usual for the prepara- 
lion of humus, extracted with ammonia and the solution precipitated 
by acidulation with hydrochloric acid. The precipitated humus 
was washed and dried. It formed a black mass with a strong vitre- 
ous lustre and conchoidal fracture. Its reaction was acid with 
litmus. The precipitated humic acids alone were preserved. The 
portion soluble in dilute hydrochloric acid and water was neglected, 
as we thought to obtain the whole of the soluble humic substances 
by evaporating the ammoniacal soil extract to dryness and examin- 
ing it, but it was found to contain so much ammonic chlorid that 
the results were unreliable. It seems to be a difficult matter to 
wholly avoid this error when handling larger quantities of soil. 
The results obtained indicate a very much higher percentage of ash 
in the ammoniacal extract than in the precipitated humus, but on 
the other hand a materially lower percentage of carbon. 

: The elementary analysis of the precipitated humus resulted as 
ollows: 


TABLE XXI.—ELEMENTARY ANALYSIS OF PRECIPITATED HUMUS. 
Per Cent Per Cent. 


Carbonss udder ecole eee ete 41.787 45.727 
Hydrogen cn soe ee 4.804 5.267 
Nitroven js. tree oe 5.536 6.051 
OXVE CNL. eer aes oe ee ee 39.254 42.955 
A Sis ea tren circus aera eee aE a Re 8.619 eee 

Wotallex). ot-. ater eee 100.000 100.000 


: I have deducted the ash and given the carbon, hydrogen, etc., 
in parts per hundred to make their quantitative relation more evi- 
dent, not to indicate that they form a definite compound. It is 
noticeable that the percentages throughout are almost identical with 
those given for humocrenic acid obtained by precipitation as the 


fe salt from a solution prepared from a sample of Russian black 
earth. 


HUMUS AS A SOLVENT. 


§ 97. The ash probably forms an integral part of this precipi- 
tated humus, that is the humus carried this inorganic part 
in such a state of solution that it retained it when thrown 
down by the dilute hydrochloric acid. The total sulfur present 
equalled 0.44 per cent. of the precipitated humus, equal to one and 
one tenth per cent. of sulfuric acid (anhydrid). The potash taken 
into solution by the four per cent. ammonia equalled 0.385 per cent. 
of the humus dissolved. The ash obtained from the filtered am- 
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moniacal solution, by evaporation and incineration, is rich in lime, 
that from the precipitated humus contains only a very slight trace 
of it. The ash from both, the ammoniacal solution of humus and 
the humus precipitated from it, is relatively rich in phosphoric acid. 


§ 98. We made an attempt to determine the ash carried into 
solution by the extraction with ammonia. The results were not 
satisfactory. The solutions were all filtered repeatedly, but owing 
to the intense color of the solutions we could not feel assured that 
some of the variations in our results might not have been due to a 
turbidity in the solution. Our results indicated roughly one per 
cent.; this is probably too high, but it suffices to show that a very 
considerable portion of the whole mass of soil is soluble in this 
ammoniacal humus solution. 


§ 99. Authors have insisted upon the value of humus as a 
solvent for the inorganic constituents of plant food in the soil. Free 
ammonia and ammonie salts are probably present in small quanti- 
ties, as previously shown, and we have in the humus, dissolved out 
of the soil by a dilute ammonia solution, phosphoric acid, sulfuric 
acid, potash, lime, iron and an abundance of silicic acid, which are 
not only food for the cultivated plants, but also for the micro-organ- 
isms which we believe effect the change of the nitrogen in the 
humus into nitric acid, respectively into nitrates, rendering it also 
available food for the plants. This seems an important function to 
attribute to humus, amounting in but few instances to more than 
one and a half per cent. of the soil, and yet it is justified. Our 
method of treatment or extraction does not faithfully represent the 
soil conditions, and therefore exaggerates its importance. This is 
probably less true than it appears to be, for the acids and bases 
forming the salts of the soil are not in the fixed and quiescent con- 
dition in which we usually think of them. On the contrary, there 
are certainly as many, and possibly more, changes going on than 
there would be in a mixture of the same salts in simple aqueous 
solution, and we know that there would be many. We have seen 
that there is probably free ammonia and ammoniacal salts in the 
soil, both of which aid the humus in its action by favoring its solu- 
tion. The phosphoric acid extracted with the humus was de- 
termined at the beginning of the experiment and again after three 
crops had been grown on the plot. The results are shown in the 


following tables of analyses. 


SOME RESULTS OF THREE SEASONS’ WORK. 


§ 100. The plot had received but little cultivation before I 
began my experimentation with it, and was in such bad condition 
that a part of it was so good as useless for any agricultural pur- 
pose. That this was not due to any lack of plant food is indicated 
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by the chemical analyses and also by its subsequent deportment 
under cultivation. 


§ 101. The analyses of the samples taken at the beginning of 
the experiment may be summarized as follows: 


TABLE XXII.—ANALYSES OF SOIL AT BEGINNING OF EXPERIMENT. 


~ Sa 
: Ou, Hs 4°8 3 
ad Ps Bie lle er eso 
© 8 26 te) te g os 
SOIL, SAMPLES TAKEN 1897. ee go BO BO. | gee 

=} qa 

Za Aa eo | Fa | Bese 

2 eee 

: pee 

Sprimeticte caitaseincate sores neynian ctl EOROGST 1.495 0.112 0.815 0.0384 

Ball, tlie Cea ca tee 0.0938 | 1.528 | 0.086 | 0.712 | 0.0388 
(SPRING vse oes eseeceen senses 0.0882 | 1.003 | 0.064 | 0.945 | 0.0205 
DVR Tc auchectac's vat coc nae on ea 0.1022 | 0.978 | 0.128 | 0.910 | 0.0345 
SDDIN Ge aiclesteosorseiect stalks auke eee le eevee 0.0882 1.443 0.081 0.736 0.0296 
eae a ae 0.1015 | 1.457 | 0.115 | 0.740 | 0.0396 
Sprite oe Ike wreck ee ee ee 0.0959 | 1.443 | 0.081 | 0.660 | 0.0288 

SFU Waal es vvnsc css esbueonbite etlgls Mee nee Ontees 7/2 1892 10.600 Ores Meonaee 
Siring toc ee oe 0.1295 | 0.876 | 0.070 | 0.808 | 0.0486 

i Fatl 0s. c.scssdeccbcoaeccedeeuneocnesdsara| OERGL Mt COr0S6 “Il. tea) it 000 at Ontos 
; fia 3 801s -s..-.{ 0.1040 | 0.954 | 0.054 | 0.574 | 0.0384 

% 

Balbee tices serene ce ee eee 0.0998 | 0.750 | 0.122 | 0.502 | 0.0334 


* F is a subsoil corresponding to soil EF. 


§ 102. The samples, “Spring” and “ Fall,” represented in the 
above table were not taken by the same person, nor were they taken 
so nearly from the same spot that they can be considered as dupli- 
cates, still the agreement throughout is as close as can be expected, 
except in the case of the phosphoric acid. The analyses were made 
by the same person, so that tae personal equation is eliminated, but 
the differences in the phosphoric acid are great, varying from 60 to 
126 per cent. of the lower percentage found. It is possible that this 
variation between the spring and fall samples may be in the 
sampling, either in the field or in the laboratory, but every care 
was exercised to get this entirely correct. Duplicate analyses were 
made on most of these samples and good agreement was obtained, so 
that after making every allowance for errors in the analytical work 
and in the sampling there is a difference in favor of the samples 
taken in the fall. That the whole of the phosphoric acid present 
went into solution, there can be no doubt. We have examined the 
insoluble residues obtained from these digestions and have been un- 
able to find any phosphoric acid. I have no explanation to offer. 
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The only remnants of the crop which could have been present in 
the fall samples were the fine roots which we could not remove, and 
such leaves as might have fallen and decayed during the season, all 
others were removed from the field. With these explanations, we 
must abide by our results even if there is a difference of 126 per 
cent. in the amount of phosphoric acid in practically the same soil, 
sampled in the spring and fall of the same year. 


§ 103. It is not a matter for surprise that samples taken three 
years later, after the refuse of several crops and a liberal amount of 
manure had been incorporated with the soil, should show differ- 
ences, indicating an improvement in the soil. The subsoiling, deep 
plowings, and the continued cultivation, together with the fact that 
the ground was left thrown up into rather high and rough ridges 
during the winters, exposing the deeper portions of the soil to the 
effects of the winter seasons—all tend to mix and improve the soil ; 
but there is only one thing which has added any mineral matter to 
the soil, that is the application of the manure, which was made to 
alternate sections of the plot, as has been stated elsewhere. 

Samples taken in the autumn of 1899 gave the following 
results : 


TABLE XXIII.—ANALYSES OF SAMPLES OF SOIL TAKEN IN 1899. 


o Ee 
“4 as) Ss 
ds 3 “43 ws | tks 
oa aa od na o.ga 
; 0,0 aS 52 50 ‘262 
NUMBER OF PLOT. 30 80 EO gO BoD 
£s £3 Sy a, | 2894 
Zp ow ah qe Bry A 
ae 
E are 
( Manured SHC CECI TI IOCTIS CTR CERO 0.1152 1.1700 0.1343 1.1000 0.0767 
Bicerwats 
(Not BEVATIIUE OO Rec rota Cle.ce 6/900) wiSieia ele okie 9/0 0.0435 0.9990 0.1215 1.0500 0.0735 
i 0.1295 1, 3030 0.1567 1.0600 0.0607 
icceatel 
INOUMMATUTOGL: Geter cchoe seer rsicetuiael|, AOnLSbD 1.0994 0.1695 1.2550 0.0255 
{ Manured AS Sacre ROBE THOR Eee ine anh 0.1312 0.9540 0.1215 1.2800 Lost 
Lees 
( Not manured ..... Pra awoae son cares LO SLedO, 0.8493 0.1727 1.0900 0.0670 


These numbers, 3, 2 and 1, manured and not manured, do not 
correspond exactly to A, B, ete. The five sections A, B, C, D and 
E, were made into six sections to study the effects of manure upon 
the crop and soil. No. 3 manured corresponds to part of A, while 
No. 3 not manured corresponds partly to A and partly to B, and so 
on. The plot was 600 feet long, and the manured and not manured 
sections were each 100 feet long. The samples were taken from 
the middle of the respective plots at the end of the season and nine 
months after the application of the manure. 
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The results indicate an increase in the humus present, but the 
analyses do not show conclusively that this was due to the applica- 
tion of manure, though the indications are that it had a perceptible 
effect. The results in regard to the phosphoric acid are difficult to 
bring into harmony with the facts as recorded or with one another, 
but the general results are in the same direction as those obtained 
from the samples taken in the autumn of 1857, namely, an increase. 
The increase in the nitrogen is not very pronounced, but seemingly 
quite general. The most marked result, however, recorded in the 
last table is the increased extent to which the phosphoric acid_pres- 
ent in the soil can be extracted with the ammoniacal solution 
of the humus. It is entirely out of the question to attribute 
this large percentage of the phosphoric acid found in the humus so- 
lution to any turbidity which, owing to the dark color of the 
solution, might have passed through the filter and escaped detection. 
I regret that I did not examine the hydrochloric acid with which 
the soil was washed to determine how much phosphoric acid was 
removed by it. An inspection of the table shows that from 14 to 
60 per cent. of the total soluble phosphoric acid was found in the 
ammoniacal humus solution. 


§ 104. If we recall the amount of nitrogen found in the pre- 
cipitated humus, about 5.5 per cent., we will see that the observa- 
tion made on the phosphoric acid is also applicable to the nitrogen, 
only in a different degree. The humus contained from 14 to 60 
per cent. of the former, but 40 or more per cent. of the latter. 


The manure which was applied to this soil was analyzed, the 
results, together with some observations on its effects, etc., are given 
in Bulletin 58, pp. 18, 18, 36, et seg. 

The sulfuric acid was determined in the samples taken in 
1899, giving for No. 3, manured and not manured, 1.320 per cent. 
and 0.350 per cent.; for No 2, 0.333 and 0.633 per cent.; for No. 1, 
0.683 and 0.314 per cent. If we compute this into sodic sulfate, as 
we have done elsewhere, it will be seen that the sulfates have either 


been removed or carried down into the soil beyond the reach of our 
sample, and either is an improvement. 


_ _§ 105. The results of this experiment are readily recognizable 
in the improved condition of the soil. he figures given as repre- 
senting the composition of the samples taken in the autumn of 
1899, may be right or wrong, but the improvement in the soil is 
much more pronounced than any analytical results can indicate, 
and after all of our seeking after facts and explanations, we are fully 
satisfied that there is much in the aggregate effect, whether it has 
been produced by moisture, vration, frost or sunshine, that has es- 
caped our analysis, and while it is perfectly patent, it is not subject 
to clear and definite formulation. The application of manure pro- 
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duced some effects which we have noted at some length in Bulletin 
58, especially those upon the crop, and we have incidentally stated 
that the salts in the ground water were influenced by the same, but 
we have acknowledged an effect, by stating that it improved the 
mechanical condition of the soil, which we fail to explain, because 
we do not recognize in what this actually consists. There are cer- 
tain bold features in this improved condition which we readily per- 
ceive, but we cannot tell to what agents this improvement is to be 
attributed, nor the degree in which any particular agent has partici- 
pated. 


ANALYSES OF SOME COLORADO SOILS. 


§ 106. Lappend a table of hitherto unpublished analyses of 
some soils from this State. These analyses were made some years 
ago by Mr. Chas. Ryan, under the direction of Dr. D. O’Brine, my 
predecessor. 

There is no description or data of any kind given with the 
analyses. The record does not even show the locality from which 
the samples came more specifically than somewhere within a Colo- 
rado county. Asa matter of fairness, I feel it due to Dr. O’Brine to 
state that, according to my information, he is not at fault for this, 
but that, owing toa bit of mistaken economy, he was not able to 
take the samples as he wished to, and did not obtain the data, 
whose lack detracts so materially from an otherwise commendable 
piece of work. 


§ 107. The history of some of the samples is know, but so far 
as the record shows, there is nothing to indicate whether the sam- 
ples are of virgin or highly cultivated garden soils, whether they 
are samples taken from excavations in city streets, or have been 
scratched from between the rocks of the hills. 

The presumption was, and ought still to hold, in spite of the 
few exceptions of wnich we have definite knowledge, that the sam- 
ples fairly represent the virgin soils of the State. If they do not, it 
is to be regretved that this work has been done to such little pur- 
pose. 
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TABLE XXIV.—ANALYSES OF SOME COLORADO SOILS. 


COUNTY. 


Insoluble. 
Sulfuric Acid. 
Carbonic Acid. 
Chlorin. 
Phosphoric Acid. 
Magnesia. 

Ferric Oxid. 
Aluminic Oxid. 
Manganic Oxid. 
Moisture, 


| Silicic Acid, Sol. 
Lime. 


Arapahoe ..... 
Archuleta..... 


Boulder: 
Boulder ....... 
Chaffee: .2..... 
Cheyenne ..... 
Clear Creek... 
Conejos ....... 


Costillamnrcnc: 


ISB asobn one: 
SER asoOnmancd 


Kit Carson.... 


Las Animas... 


La Plata 


IWebebaaVare sogeo 


Ibplagyouliy cacy o 


Ignition. 
Nitrogen. 


Total. 


Seen a Se SS 


3.98] 99.93,0.10 
5.45]100.56/0.19 
9.25) 99.48/0.16 
4.68] 99.99,0.20 
8.28}100.09 0.11 
6.33) 99.95|0. 26 
7.16}100.60/0.13 
6.17/100.11]0.27 


. 8 50,13 10} 99 90)0.23 


4.57|100.85/0.18 


.|1.81)12.96) 99.07)0.11 


1.87/100.17/0.08 
3.10} 99.24/0.13 
5.04|100.01}0.09 
2.66 100 060.12 
5.52 99.98/0.238 
7 09 100 150.20 
2.97 99.90/0.07 
5B 99.93}0.16. 


11.08 100.95}0.25 


6.21 99.98]0.13 
472 99 98]0.12 
2.92 100.03], 24 
3.14 100 02|0.14 
3.70 100. 4510.06 
5.66 $9.98|0.16 
4.10 99.90|0.08 
3 25 99.99|0.10 
5.75 99.92|.... 
2.00 100.50|0.12 
2 02 100.1210.11 
2.11 100.01]0.01 
5.76 100.04|0 05 


1 2.93 99.99)0.09 


Se) Lane SS ee 


-++. 1.33) 2.67 99.60/0.16 
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TABLE XXIV.—ANALYSES OF SOME COLORADO SOILS—(Continued). 


xe] 9 S) Ke} ° 
COUNTYS fee |S: } =| E ola te eg tee ee i 
Sate ace 2 a| Ola | ae |g 5 
SEE B eee S| (mile ee hse ia eae 
ONES Weasel Slo |e t od | OE | cee ssn asl sealers | O 
ela le ele) alo] 8] 4) s| 8) e618] orn 8 ls 
A | a2) a/orolalalalAl ala) + /a/a| FP] 8 12 
@ureyecsi 5 55.12) 6.55|0.97/6.54/0.05/0.19/1.95 0. 48/8. 16|0.27/1.86/10.85|.... [1.48] 5.69]100.16|0.13 
Ore asia 80.23) 3.03|0.50/1.15/0.0910.14/0.91)1.52]1.76/0. 162.38) 4.45)..../1.55] 3.25]100.12/0.12 
Park fis. 79.55) 2.67/0.54)....|0.05.0.07/0.65/0.45/2.3310 55/0.95] 2.10|....|2.04] 7.90] 99.85]0.32 
Pitkin hte ss 70.50) 3.95/0.85/3.16/0.03/0.08|0.46'0.81/2.27/0.28]2.89] 4.60|....!2.54) 7.62/100.04/0.26 
Phillips ....... 73.43) 4.00|1.86|1.98]0.04 0. 25|0,150.75]1.48|1.89[2.31] 5.68)... 2.96] 3.78/100.53/0.08 
| | 
Prowers. ....../69.90| 8.10\0 60.....,0.03)0.09|1.69)0.54|1.44\0.79|2.78| 5.94)....2.65] 5.79100. 3610.13 
Pueblo ........ 75.84) 5.11/0.10 0.36/0.04/0.08 0.22/0.1611.02/0.54/3.71] 5.66]....]2.19] 4.75] 99.36|0.13 


1 

1 
Rio Blanco ...|69.88) 4.35/1.12'1.95]0.04/0.18|/0.78]/0.27|1.45/0.43/2.75| 7.13)....]/2.56] 6.64) 99.55/0.24 
Rio Grande . ..|76.03) 4.64/0.67|.. ..|0.09]0.09/0.90|0.77/1.55]0.95|5.40} 5.09)..../1.48]} 3.00)100.66|0.09 


Reet oy: 67.04) 6.14{0.66) .. ..0.04]0.20|0.69|0.57|1.21|0.53/3.38] 6.73'....|3.56! 9.20] 99.90|0. 24 
Saguache ..... 65.59 9.46|1.10'.. ../0.09]0.11|0.26|0.99|1.64/0.63/3.60| 5.33)..../8.97) 7.41/100. 18/0. 24 
San Miguel ...|69.61| 5.28|0.47/1.19'0.040.06)0.11|0. 442. 10|0.67|3.38| 6.08]... |3.60] 7.30|100.33|0.31 
Sedgwick ..... 69.43 5.87/1.20 2.47/0.03)0 30/0.33/0.84)3.46|0.82|2.21| 5.40]... [2.33] 6.34[100.58/0.11 
Washington ..|73.33) 6.80|0.41/1.02/0.02/0.05|0.56|0. 16|1.04{0. 282.01) 5.56]....]3.56) 4.75] 99.53/0.12 
BWelbine es. 79.76, 6.36/1.13!.. ..|0.05]0.11/0.54|0.16|1.38|0. 422.43] 3.52)... {1.48] 2.52) 99.86]0.07 
Cb 78.17) 7.75|0.26.6.28/0.05|0.31/0.38|0.3010,97/0.40|3.01| 3.96/0.04]....| 4.42'100.26|0. 13 
Gain ect cs: 67.90| 5.31/1.03'0.11/0.0210.29/1.53/0.843.43]1.15|4.88] 7.55]... 1.43) 4.83!100.30|0.07 
*Oterof.........{74.27 10.50,0.05 0.68|0.02]0.04/0 4110.78]1.38]0.71]4.84) 2.43)0.17]1.44) 3.54/100.76]0.08 
Oterot ... .... 84.06] 5.8810.04 0.31/0.01/0.04 0.26/0.33)0.60/0.22|3.38| 1.66/0.22/0.74| 2.42) 99.98]0.05 
Otero§ ........ 78.22| 9.87/0.06 0.27|0.02}0.02|0.01|0.70|1.05]0.46]4.24 1.36|0.22/0.89] 2.55] 99.94]0.06 


* Analyses of melon soils from Fowler, taken Jan. 27, 1899, analyst F. C. Alford. Digestion 
with acid sp. gr. 1.115 for 10 hours. 

+ Humus 0.14. ¢ Humus 0.08. § Humus 0.10. 

** Examination of this sample, shows very little feldspar in it. 


SUMMARY. 


§ 108. The “alkali” salts in the soils and waters of Colorado 
are essentially mixtures of the sulfates of lime, magnesia and soda. 


§ 109. The soils of the eastern slope of the Rocky Mountains 
and of the plains lying to the east in Colorado, have in general a 
very similar composition, as shown by the composition of the soil 
mass. 

The mineralogical composition of these soils is very similar, 
the principal variation being in the ratio of the quantities of the 
minerals present. 


§ 110. The surface soils of this section of Colorado probably 
owe their mineral constituents to a common source, the schists and 
granites of the Colorado range. 


§ 111. The feldspar, orthoclase, an almost universal constitu- 
ent of our soils, serves as a source of potash and also of hydrous sili- 
cates under ordinary cultural conditions. 


§ 112. The readiness with which the chemical reactions take 
place and their character, as indicated by the salts present in the 
ground waters, probably have a direct and important bearing upon 
the fertility of the soil. The loessial soils of the plains agree with 
the ordinary prairie soils in the chemical composition of their mass 
and in the general results of the agricultural analysis, but not in 
the mechanical analysis. 


§ 113. The analyses of the whole soil mass and of the different 
portions of the fine earth, suggest important differences between the 
unchanged rock particles in the soil and the finer portions which 
have suffered change or are the products of alteration. 


§ 114. The aggregate amount of soluble salts per acre whose 
movement is effected by the water falling on or supplied to the surface, 
or by its evaporation from the surface, is large; we make it nine tons 
in one instance. The application of water, irrigation, may carry the 
soluble salts so deep into the soil that a long trme may be required 
for them to come near to the surface again. 


$115. The chemical analyses give us no hint of the very great 
improvement which was effected in this soil by three, really four, years 
experimentation with it. Our question was one of conditions and 


not of composition, so far as its purely agricultural features were 
concerned. 


THE Sol. 55 


$116. The water-soluble in the soil and the incrustations 
formed upon the soil are very different in composition. 


$117. The incrustations are formed by the evaporation of 
water from the surface of the soil, which, owing to the deportment 
of the solutions of these salts toward capillary action, and the chemi- 
cal instability of the hydrated salts themselves, effects their separa- 
tion from the soil solutions. 


§ 118. The water-soluble in the soil is not identical with 
ground water solutions, probably due to reactions dependent upon 
the relative masses, which react upon each other within the soil and 
during the extraction. 


$119. The reactions near the surface of the soil are quite dif- 
ferent from those more remote. This is indicated by the solutions 
yielded by samples taken to depths of two and four inches. 


§ 120. There is, in the samples of soil examined, both free 
ammonia and ammoniacal salts, which we interpret as indicating 
unfavorable biological conditions, which view is materially strength- 
ened by the nitrates in the ground waters. 


§ 121. There is a significant gain in the total soil nitrogen 
during the time of the experiment, which may have been favored 
by, but was not dependent upon, the application of manure. 


§ 122. The nitrates in the first two inches of this soil are from 
nine times to two hundred times as great as in the second two 
inches, corrobative of the suggested reduction in certain zones of the 
soil. 

§ 123. Air dried soil samples can be kept for a year or more 
with ordinary precautions, without material change in their nitrogen 
content. 


§ 124. The humus in this soil is nearly as abundant as in 
average Eastern soils, and we were unable to find anything about 
it markedly different from ordinary humus. It is unlike the 
humus of arid soils, in that it is not so rich in nitrogen as they 
have been found to be. 


§ 125. The solutions of the humus carried relatively very 
large amounts of silicic acid, phosphoric acid, potash and lime. The 
precipitated humus did not carry much lime. 


§ 126. The effect of the cultivation, manuring, etc., for three 
seasons, may be summed up by stating that the store of plant 
food in the surface soil, taken to a depth of ten inches, was actually 
increased. ‘This, however, was the lesser part of the improvement, 
the greater part lay in the betterment of the general conditions, 
whose best features cannot be shown by chemical analysis, or ex- 
pressed in any formula. 
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PART I. 


REVIEW OF, THE ARGUMENTS OF THE RELATION 
OF BOVINE TO HUMAN TUBERCULOSIS. 


BY GEORGE H. GLOVER. 


The recent test of the College herd with tuberculin and 
the consequent discovery of tuberculosis among cattle which 
were supposed to be in perfect health has led to some con- 
troversy; on the one hand by those who, because of their 
knowledge gained by actual observations and experiments, 
and who having been trained to think and reason to logical 
conclusions, are warranted in expressing themselves; and on 
the other hand by those:who are not so warranted. 

One. thing in particular, more than any other, has 
inspired the issuing of this bulletin, viz: Theevidence every- 
where extant, that since the stand recently taken by Dr. 
Koch, there has settled upon the publica determined dis- 
position to belittle the whole matter and throw precaution- 
ary measures to the wind. Weurge upon all the warning 
that the difference between human and bovine tuberculosis 
has not yet been settled finally, and that precautionary 
measures for preventing the spread of the disease by butter 
and milk cannot be safely abandoned. It is one of the mis- 
fortunes accompanying the deliverance of such an uncom- 
promising thesis as that by Dr. Koch that obscurantists of 
every dye make it responsible for conclusions which are 
not warranted by the facts in the case. It cannot be too 
strongly emphasized that even if it be proven that bovine 
tuberculosis is not communicable to the human race, the 
necessity for the most scrupulous cleanliness in the manage- 
ment of cows and their milk production is as great as ever. 
This incident coupled with the perfectly reliable information 
which we possess that a large percentage of the dairy cows 
in Colorado supplying milk to our towns and cities (especially 
the latter) are consumptive, and that it is yet far from 
proven that this disease isnot communicable to human beings 
by the use of such milk; and further, lest the recent stand 
taken by Dr. Koch results in a criminal laxity or indiffer- 
ence: have together inspired the issuing of this bulletin. It 
is not claimed that we have made any new or startling dis- 
coveries: the work among the College herd, so far as it 
has gone, has in every instance corroborated our claims 
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(and which are in harmony with a great majority of the 
foremost investigators in this line of research) and the con- 
clusions arrived at by reliable authorities are here compiled 
in as brief a manner as possible, hoping to accomplish some- 
thing toward arousing the masses from their lethargy rela- 
tive to the importance of this serious condition as affecting 
the animal wealth and the possibility of its being a prolific 
source of disease in the human family. 

In the annual report of the Veterinary Science Depart- 
ment of the College, the assertion is ventured that the 
public in general in judging of veterinary science is prone to 
look upon it from a purely commercial (and in a lesser 
degree humanitarian) standpoint and do not take cognizance 
of its broader sphere of usefulness, viz: what the science is 
doing for the health and lives of the people themselves. It 
is in keeping with this thought tat we venture a step 
further and assert that the educated veterinarians -are 
among the leaders in the van now vigorously prosecuting 
the research that is being made in regard to the relation of 
human to bovine tuberculosis. 

Tubercular consumption is one of the most dreadful 
and unfortunately, most common diseases of mankind. 
People of all ages or circumstances, and environments, 
regardless of climate, nationality, or degree of civilization, 
are subject to infection, if exposed under proper conditions. 
None are immune, and the present conditions prevailing, it 
looks as if we are doomed to become a sickly, consumptive 
race, and that its ravages must eventually almost wipe the 
human race from the face of the earth. 

The greatest good to humanity will be accomplished 
along the line of preventing disease and while the prevailing 
medical thought now, both human and veterinary, is ab- 
sorbed in new remedies, and is alive with keen expectancy 
as to the possibilities of sero-therepy, (which seems almost 
beyond conjecture) yet, after all, we must admit that 
prophylaxy (prevention of disease) is of vastly more im- 
portance than the discovery of new cures. 


NOT A NEW DISEASE. 


History from the earliest times has been replete with 
accounts of this “great white plague” and the thecries 
advanced to account for its etiology and pathology have 
only been equalled in variety by the persistency with which 
they have gone wide of the mark. . 
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At one period it would be considered contagious, at 
another this would be thought improbable, again several of 
the local manifestations of this disease would be looked 
upon as separate and distinct diseases; at other times it has 
been confounded with diseases that had no relation to it 
whatever. It seems strange, but it is nevertheless true, 
that while this disease has been known as affecting the 
lower animals, and a scourge in man (now claiming ten per 
cent, of the death rate) during all these centuries compara- 
tively nothing was accomplished in working out its etiology 
or pathology until within the last fifty years Villimian and 
Koch have placed the matter on a sound basis. 


IS A GERM DISEASE. 

Long before any suspicion existed as to the relation of 
bacteria to fermentation and disease, various scientists, at 
different times, had suggested that resemblance existed 
between the phenomena of certain diseases and fermenta- 
tion, but the idea that a virus or contagium might be some- 
thing of the nature of a minute organism, capable of spread- 
ing and reproducing itself, had never been thought of. 
The first vague notion in this direction was no doubt the 
ferment theory of Cagniard-Latour in 1828. nese 
Schwann showed that fermentation and putrefaction were 
intimately associated with the presence of organisms derived 
from the air. By 1862 Pasteur had buried forever that 
‘“‘will-o-the-wisp”’ spontaneous generation and repeated and 
extended such experiments and proved the way for a com- 
plete explanation of the anomalies. 

From 1870 onward the ‘“‘germ theory of disease” had 
passed into general acceptance and now has become an 
assured fact, and in a sense has revolutionized the theories 
of disease and treatment in that now a persistent war is 
waged on the micro-organisms which excite the disease, and 
s not based altogether upon symptomology. Robert Koch 
first succeeded in demonstrating and isolating the specific 
bacillus of tuberculosis and achieved its artificial cultivation 


the use of blood-serum. 
TRANSMISSIBILITY. 


_ The origin of the germ theory of disease and the 
discovery of the specific bacillus of tuberculosis are but 
parts of an old story now relegated to history, but when we 
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\look up the subject of the transmission of these germs from 
one animal to another, including man, we are at first sur- 
prised and then astounded at the seriousness of the con- 
ditions actually existing, and the grave possibilities which 
the tireless investigation by scientists may yet have in store 
for us. 


NOT CURABLE. 


Favorable climatic influence will often stay the progress 
of the disease for a time at least, but no climate or thera- 
peutical agent has ever been discovered which can in the 
truesense be calledacure. If ever anything is accomplished 
in either curing or preventing the disease it will most likely 
be in the direction of sero-therapeutics, but this is conjec- 
tural to say the least. 


RELATION OF BOVINE TO HUMAN TUBERCULOSIS. 


That tuberculosis is transmitted from one animal to 
another, and more especially from the cow to other domes- 
ticated animals, has been repeatedly proven so that it is 
considered a waste of time now to rehearse them. The 
whole subject is summarized by Dr. John Repp in an article 
read before the Iowa Tuberculosis Convention in this way: 
‘“Enough has been done to prove beyond the peradventure 
of a doubt, that tuberculosis may be transmitted through 
the milk and the food structures of tuberculous animals, to 
the animals that consume these products or are inoculated 
with them, upon this all students of the subject agree. This 
much has been proven, but these facts do not decide the 
important question at issue, viz: whether or not tuberculosis 
is transmitted from animal to man, nor would they if they 
were multiplied ad infinitum, they only furnish a basis from 
which we may reason, for this purpose they are invaluable, 
as they establish the premise that the meat and milk of 
animals do, at times, contain living virulent tubercle-bacille.”’ 

If some of the incredulous will show the faith of their 
convictions by submitting themselves to a few “hypoes”’ of 
bovine bacillus-tuberculosis, or by voluntarily injecting a 
few of the same, it will supply the last link in the chain of 
evidence necessary to convict the cow of transmitting the 
disease through her milk and meat to her human bene- 
factors. 

As there is little probability of anyone offering in good 
faith to sacrifice themselves for the cause of science, let facts 
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be submitted which, while circumstantial, are sufficient to 
lead us beyond the range of probability, to the very verge 
of absolute certainty. Our certain knowledge on the follow- 
ing may be analyzed as follows: 


TRANSMISSION OF TUBERCULOSIS FROM ONE ANIMAL 
TO ANOTHER NOT INCLUDING MAN. 


Ist, by Meat—Experiments, by their positive results, 
demonstrate that tuberculosis is transmitted in this way, 
both by artificial inoculation with the muscle juice of tuber- 
culous animals, as well as by feeding the diseased tissue. 

2d, by Milk.—This has been as fully demonstrated by a 
long series of experiments consisting of the inoculating of 
different animals with tuberculous milk, both from cows 
with diseased udders as well as those not so diseased, and 
further by the feeding of calves, rabbits, pigs, etc., with milk 
from tuberculous cows. 


TRANSMISSION TO MAN. 


There is, as previously stated, for reasons well under- 
stood, no opportunity to secure evidence by artificial methods. 
By natural methods the evidence consists of recorded obser- 
vations, which have been made by close observers, covering 
a period of many years, of people who have used the milk 
and meat of tuberculous cattle. Dr. John Repp has gath- 
ered some statistics bearing on this point which are most 
interesting, as follows: ‘Oliver reports that in a young 
ladies boarding school, five girls, the children of healthy 
parents, died of tuberculosis of the intestines. The cow 
which had for many years supplied the school with milk 
was found to have generalized tuberculosis including the 
udder. 
“Two daughters of a Scotch family of good health, who 
were brought up on milk of tuberculosis cows, died of 
tuberculosis. Two sons in the same family, wno did not 
use the milk remained healthy.” ‘Stang reports the case of 
a five-year-old boy of sound parentage and ancestry, who 
died of tuberculosis. The cow whose milk this boy used 
was found badly tuberculous.” ‘Demme reports the case 
of four infants in the Children’s Hospital at Berne, the off- 
spring of sound parents, that died of intestinal and mesen- 
teric tuberculosis. He was able to exclude all other sources 
of infection and to decide that they had been infected by 
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the ingestion of the milk of tuberculous cows.” “Hills 
mentions the case of a child twenty-one months old of a 
friend of his, which drank the milk of a highly tuberculous 
cow for one week while on a visit to his uncle, and three 
months later this child died of intestinal tuberculosis. 
Other sources of infection could be excluded. A second 
child brought up on sterilized milk is still healthy.” “ Hills 
also reports the death of a boy four years old, at Yonkers, 
New York, from tuberculor meningitis.. The infection was 
traced to the milk of two cows of whose milk the boy had 
drank and which proved on autopsy to be tuberculous.” 
“Ernest reports the death of three children of one family, 
from tuberculosis. These children had used the milk of a 
cow which later died of advanced tuberculosis including the 
udder. 

“Stalker and Niles report that five persons, between 
twenty and thirty years of age of healthy ancestry, died of 
tuberculosis within a period of two years. On the farm 
where these deaths occured they found seventeen cattle 
suffering from tuberculosis, and other cattle had previously 
died of this disease. 

‘Leonhardt reports the death from tuberculosis of the 
meninges, intestines and mesentary, of two children fed on 
the milk of a tuberculous cow. Sontag reports the case of 
a six-months-old child of healthy parents, which died of 
tuberculosis and which had been fed on the milk of a tuber- 
culous cow. Hermsdorf has reported the case of a child, 
dead of intestinal tuberculosis, which had been fed on the 
milk of a tuberculous cow. Rich reports that a young man 
of healthy parents, who died of tuberculosis, had used 
plentifully of the milk of a herd of seventy-four cattle, 
sixty-five of which were tuberculous, some of them markedly 
so. Also another young man of the same family died of 
tuberculosis two months later. Rich destroyed eighty 
cattle out of the herd, that is about 90 per cent, of the entire 
herd. Also a young woman died of tuberculosis, and a 
month later the cows, whose milk she had used, died of 
advanced tuberculosis.” 

“Thorn reports that twenty-two physicians out of 339 
practicing in Ohio, replied in the affirmative to the question, 
‘have you been able to trace any cases of tuberculous 
disease to the milk of unhealthy cows?’ and that thirty- 
three replied in the affirmative to the question, ‘Have you 
had reason to suspect the origin of tubercular disease in 
older children or adults to be in the meat or milk supply?’ 
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This series of experiments and observations has been 
selected from literature with the greatest care, any reports 
which appeared not to be well authenticated or of a doubt- 
ful nature being excluded.” 

“Further circumstantial evidence is at hand in the fact 
that such large numbers of the bottle fed children die of the 
abdominal form of tuberculosis, and while, in some coun- 
tries, the death rate of adults shows a marked decrease, 
the tuberculosis of children, and especially infants, is on the 
increase.” 

As previously stated, if we could but supply the one 
missing link, viz: whether the bacillus of tuberculosis is 
pathogenic for man, we would have our chain of evidence 
complete, and a positive demonstration would be our 
reward and the question would be no longer doubtful. 
The cases which I will now quote, from Dr. Repps’ report, 
show conclusively that tuberculosis in the bovine species 
can be conveyed to man through .one channel at least. 
“Tscherming, of Copenhagen, attended a veterinarian who 
had cut his finger in making a postmortem on a tuberculous 
cow. The wound healed but there still remained a swelling 
which soon ulcerated and refused to heal so that the whole 
tumefied mass had to be cut out. The microscope revealed 
the distinct tuberculous process and the presence of the 
characteristically staining bacilli.” Pfeiffer attended at 
Weimar, a veterinarian named Moses, thirty-four years old, 
of good constitution and without hereditary disposition, 
who, in 1885, cut his right thumb deeply in making a post- 
mortem ona tuberculous cow. The wound healed, but six 
months later the cicatrix still remained swollen and in 
autumn, 1886, the man had pulmonary tuberculosis with 
bacilli in his sputa and death occured in two and one-half 
years after the wound. Post-mortem revealed tuberculosis 
of the joint of the wounded thumb, and in the lungs exten- 
sive tubercles and vomice.” ‘Law reports that a young 
veterinary friend of his who was inoculated in the hand in 
opening a tuberculous cow, suffered from a tumefaction of 
the resulting cicatrix with tubercle-bacilli.” 

Rich reports that a man cut his finger on a spicule of 
bone, while making a post-mortem examination of tuber- 
culous cows, and that in a few weeks he developed a _ tuber- 
culous joint, and a few months later showed unmistakable 
signs of phthisis. 

Ravenel reports the case of a veterinarian who cut the 
knuckle of his finger while making post-mortem examina- 
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tion of a tuberculous cow. The wound healed badly, 
remained swollen and showed decided tendency to ulcerate. 
Removal of cicatricial mass was practiced the tissues sent 
to him for examination. They showed typical tubercular 
lesions with giant-cell formation. 

“Tam well acquainted with this case myself and believe 
it to be an undoubted case of direct transmission of tuber- 
culosis from cow to man by inoculation. This veterinarian. 
told me that he did not become alarmed about the wound 
on his finger until he noticed a swelling and tenderness of 
the lymphatic glands on the muscle of the elbow.” 

The statistics gathered on this point are not many, but 
are exceedingly valuable as far as they go. 


BOVINE TUBERCLE MORE VIRULENT THAN THE HUMAN 
VARIETY. 


From the scattered records of inoculation experiments, 
both early and recent, relative to the degree of virulency of 
of the tubercle bacilli of man and the bovine species, the 
conclusion arrived at I can best express by the following 
quotation: ‘Tosum up the matter in a few words, it may 
besaidthat bovine tubercle has beenshown to be more virulent 
than the human variety for cattle, sheep, goats and rabbits, 
while no distinction has been shown in the case of horses, 
pigs, cats and dogs. 


DOMESTIC COW THE NATURAL HARBINGER OF THE 
BACILLUS TUBERCULOSIS. 


Dr. G. A. Johnson, inan article read before the Sioux 
Valley Medical Association, takes the position that in the 
bovine species we have the natural hosts of the bacillus 
tuberculosis. His argument is so fair and altogether unique 
that while it is entirely foreign to the prevailing idea of the 
medical fraternity, it is certaiuly worthy of serious consider- 
ation. He states his proposition in this way. ‘ Tubercular 
lesions, wherever found, are the direct results of the action 
of the tubercular bacillus; and further, that the domestic 
cow is the natural harbinger of this bacillus; or in other 
words, tuberculosis was primarily a disease of the bovine 
species and is found in man and other animals as a result of 
transmission brought about through the ability of the 
tubercular bacillus to adapt itself to the various conditions 
as found in the various animals. 
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He reasons from analogy that a careful study of the 
geographical distribution of tuberculosis reveals the fact 
that all people who use the milk and flesh of the domestic 
cow (the and inbred cow) as food products are more or 
less afflicted with tuberculosis, and further, that there is. 
usually a very uniform ratio between the quantities of such 
foods consumed and the prevalence of the disease among 
the people. 

On the other hand all of those people who do not use 
the food products of the domestic cow are comparatively 
free from the disease. 

Prot. FE: FF: Brush, M. D:, of Mount- Vernon, No we 
states as follows: ‘“ This insidious and delusive disease is 
not the result of civilization as is supposed. Barbarous and 
semi-civilized races are afflicted as severely as many of the 
most advanced civilized races.” Neither geographical 
position nor climatic conditions are a factor in the distribu- 
tion of pulmonary phthisis. Every known part of the globe, 
with a few isolated areas excluded, is a habitat of the dis- 
ease. After several years of close study of the affection 
and consulting all accessible statistics and the habits of the 
people where the disease prevails, the only constanly asso 
ciated factor is found, in my opinion, in the inbred bovine 
species without any regard to the social position of a com- 
munity or its geographical habitation, terrestial or atmos- 
pheric condition. If a community is closely associated 
with inbred cattle, tuberculosis isprevalent. Inthefifteenth 
annual report of the State Board of health of New York, is 
found the following: ‘Human tuberculosis is co-extensive 
with bovine tuberculosis. Broad generalization of our laws 
and knowledge gives a close parallelism between the num- 
bers of dairy cows and the prevalence of tuberculosis in the 
human race. Countries that have few or no cattle, or in 
which the herds are mainly kept in the open air, and are 
therefore largely protected from the disease show, as a 
rule, little tuberculosis in man.” 

Dr. G. ‘A. Johnson, in substantiation of his argument, 
has found the conditions prevailing in different countries 
relative to this matter as follows: 

Europe—Cattle have existed and tuberculosis has pre- 
vailed in man for centuries. 

Australia—Tuberculosis was so rarely seen in early 
days as to lead to the idea that the climate was incompat- 
able with the disease, but with the advent of cattle raising con- 
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sumption appeared among the people and has been gradu- 
ally increasing. 

New Zealand—Among the native Maories phthisis was 
unknown previous to the settlement of the English, and 
they possessed no cattle, but since that time tuberculosis 
has become a veritable scourge. Hirsch has said, “In my 
opinion the death rate from phthsis will keep on increasing 
in that locality if the breeding of cattle is not properly 
regulated by law.” P 

South Africa—The coast tribes of Africa have been 
inbreeding cattle for centuries, and the natives have been 
tuberculous, while the tribes in the interior have had no 
cattle, because of the Tsetse fly which stings and kills 
them, have always been free from consumption. 

Madagascar—The fllesh and milk of cattle has been the 
principle diet of the native and they have been severely 
afflicted. 

North American [Indians—The native American Indians 
were always free from consumption until Uncle Sam began 
dealing out meat and cattle to them. Their habit of eating 
any and all parts of the carcas, often without cooking, has 
aggravated the conditions for the most favorable transmis- 
sion of the disease and they have become consumptive. 

The Esquimaux—Dr. Johnson has well expressed it 
when he says, ‘‘ The Esquimaux has his dogs and reindeer, 
but no tuberculosis, while the indian has his dogs and _ beef 
and is seriously afflicted with tuberculosis.” On the other 
hand, it is found that the Indian is no more susceptible to 
the disease than is the Esquimaux, for when the latter is 
brought in contact with the white man and his cow he 
readily contracts the disease, etc. 


Ltaly—Yhe people are tuberculous, notwithstanding 
they have one of the balmiest climates of the earth. 

China—Notwithstanding their dense population, con- 
sumption is rare, because the lower classes, which constitute 
the mass of the population, get very little or no meat or 
milk. Andso he goes on with a review of the different 
people of various countries and islands of the globe, show- 
ing in each and every instance that those people who use 
the milk or meat of cattle are consumptive and just in 
proportion as they use said products and those who do not 
possess cattle at all are entirely free from it. 


Clmate—Immunity does not exist in any climate, or 
among any race of people. And while high and dry 
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climates like Colorado are beneficial in staying the progress 
of the disease, yet it prevails in various sections from the 
torrid to the frigid zones. 

Altztude—Altitude has nothing to do with the distribu- 
tion of the disease, for we find it from the sea coast to the 
regions of the highest mountains. Dr. Johnson says that 
‘certain peoples inhabiting the Dead Sea basin, which is 
between 100 and 200 feet below the sea level, are free from 
tuberculosis, whereas it is more or less prevalent among 
most people inhabiting the mountainous regions of Europe 
and America.” 

Crv2lzzatzon— The disease does not follow in the wake of 
civilization, for some of the savages and semi-civilized races 
are seriously afflicted. 

Density of Popuation—As previously indicated, China 
and India, two of the most densely populated countries, are 
comparatively free from tuberculosis, and in many of the 
rural districts of Europe and America the disease prevails. 

Filth and Poor Santtation—This has nothing to do with 
the distribution of the disease for we find it all the way 
from the wigwam to the palace. The fact remains that all 
these various conditions simply hasten to retard the morbid 
process, and not one of them can be said to be a constant 
factor in the distribution of the disease. The old argument 
of heredity has long ago fallen to the ground and been 
trampled tothe dust, for new cases of consumption are 
constantly coming to view, where there cannot be traced 
any hereditary taint. 

The only constant factor seems to be the milk and 
meat of the bovine species, and we certainly consider this 
argument worthy of serious consideration. 


CONCLUSIONS: 


1. The position taken by Dr. Koch is of inestimable 
value, whether right or wrong, as there has been nothing new 
but this conclusion placed before the medical and veterinary 
profession during the past decade, and it has aroused 
everybody from their lethargy and encouraged discussion 
and experiment as never before. 

2. It is unwarrantable to assume that, because of the 
low virulence of human bacilli for cattle, that the reverse is 
true. It has been repeatedly shown that bovine bacilli are 
more virulent than the human. Bovine bacilli being easily 
transmitted to rabbit, horse, dog, pig and sheep, and in 
short, to almost every quadruped on which they have been 
tried, makes it highly improbable that man is not included 
in the list; and until this is disproven by actual experiment 
upon the human, it will not be wise to relax prophylactic 
measures. 

3. Dr. Koch has been grossly misrepresented since his 
London Congress address. He says, among other things, 
‘I have one word and only one word to say, and that is 
what I said in London. That word is ‘experiment!’ | 
would send it to my brother practitioners the world over. 
The time is past when we may be guided with either cer- 
tainty or profit by statistics. Nothing short of actual deal- 
ing with actual conditions will avail. We demonstrated 
that human tuberculosis was incapable of transmission to 
cattle. We have now to lend ourselves to the reverse 
proposition. 

“I did not mean to recommend the abandonment of 
comprehensive and expensive systems of regulation, pre- 
vention and inspection that is now in operation. 

“We are well on the road to victory over consumption. 
The final triumph is denied only by those who are unwilling 


to sacrifice their hobbies and work together to the common 
end.” 
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Our investigation of tuberculosis among the cattle 
belonging to the College is in line with what has been done 
by other Experiment Stations of prominence which have 
been doing live stock work. There is nothing startling or 
new, perhaps, in our findings, but we feel the matter is of 
much importance to the public. Dealing as it does, directly 
with our animal wealth and indirectly, perhaps, with the 
public health, it is well for the Station to give to the people 
of the state such information as we possess. We are not 
indulging in personal opinions or theories, but will confine 
our statements to what we believe are established facts. We 
believe it is high time that our agricultural communities 
should accept the situation, and dispassionately and intelli- 
gently take such wise action as will advance their own 
interests and, in all probability, alleviate human suffering as 
well ; 

So much has already been done to prevent and partially 
cure tuberculosis, that there is no longer excuse for allow- 
ing the disease unchecked progress either among animals 
or men. Tubercular consumption is now known to be a 
preventable disease and, contrary to the general opinion, it 
has been demonstrated that it is curable in a large per cent 
of cases or, at least, that the course of the disease may be 
checked for many years if taken in time and properly 
managed. It is probably true that there are over ten 
million people now living in the United States who are 
doomed to die of this dread disease unless something is 
speedily done to reduce the present death rate. This may 
be considered a fair statement of the present status and 
prevalence of human tuberculosis. 

Cattle seem to be more subject to tuberculosis than any 
other representatives of the animal kingdom, but it is 
hardly possible to arrive at a correct estimate of the money 
loss to our agricultural interests from the bacillus tubercu- 
losis. Coupled with these two items is the supposed rela- 
tion of human and bovine tuberculosis. The disease in man 
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and in cattle has long been considered identical and in 
view of the many facts supporting such belief so well pre- 
sented by Dr. Glover in Part I. of this Bulletin, it is well 
that everyone should understand the possible danger and 
take such precautions as will save money loss with stock, 
and protect against personal contagion. It is reported that 
Dr. Koch, before the London conference on tuberculosis, 
expressed the opinion that human and bovine tuberculosis 
are not due to thesame germ. If reports are true, Dr. 
Koch believes that there is proof that human tuberculosis 
cannot be transmitted to cattle and, while not demonstrated, 
he thinks bovine consumption not transmissible to man. 
‘Dr. Koch discovered the true cause of tuberculosis and 
fully demonstrated the germ nature of the disease. He is 
one of the world’s greatest authorities and his opinion 
should be given much weight. However, scientists are 
often misquoted and a simple statement of a failure to pro- 
duce certain expected results in an experiment is twisted 
into a quotation from an authority, that it isan impossibility 
to produce the results. Newspaper misquoting and report- 
orial enlargement of scientists’ statements are often mis- 
taken for true science. It opens the way for ridicule and 
prejudice and does much to retard the acceptance of scien- 
tific facts. If Dr. Koch failed to transmit tuberculosis from 
man to cattle, or if he has: discovered differences in the 
germs from animals and men which led him to doubt the 
identity of the two forms of the disease, it does not neces- 
sarily follow that the expression of this doubt is a statement 
of fact that there is one form of the disease in cattle and 
another in man and that they are never transmissible from 
one to the other. Dr. Koch thought that his lymph or 
tuberculin was a cure for tuberculosis. It was a wonderful 
discovery anda most important one, but because it failed to 
cure human tuberculosis is no reason for rejecting the 
careful scientific work of the man. The principle of using 
the toxin or poison produced by a germ to destroy the 
germ, Or its power to live in the sytem, was established by 
Jenner when he introduced vaccination against small pox 
and is successfully used as a cure of the disease in diph- 
theria. One of our state papers (The Eastonville World) 
takes asensible view of the present statements of Koch, 
that he doubts the general infection of man with bovine 
tuberculosis, and points out the fact that we need not 
plunge into the use of unsanitary milk, butter and beef 
because a scientist has expressed such a doubt. Before 
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leaving this part of the discussion let me state that there 
has been a large amount of scientific investigation which 
goes to prove that human tuberculosis can be transmitted 
to cattle by direct inoculation, and there is little doubt 
of its transmissibility trom animal to animal or from one 
kind of animal to another. 


If Dr. Koch’s announcement is true, it is a most import- 
ant discovery. However,so much evidence hasaccumulated to 
prove that men contract bovine tuberculosis that scientists 
are slow to accept this new theory of Koch’s and will not do 
so without abundant proof. 

The following quotations as made by the “Literary 
Digest” are of interest: 


From the Philadelphia Press. 

‘The chief evidence of the transmission of tuberculosis from cows to 
‘human beings has rested on the cases of children. The strongest proof was 
summed in®, report lately made to the British Medical Council that ‘The 
mortality from tuberculosis in early childhood is not decreasing as at other 
ages, and the opinion that this is due to infection by milk appears well 
founded.”’ : 

‘Meanwhile, laboratory evidence accumulated that the human and 
bovine bacillus were not identical in shape, tests or increase. Cattle are 
relatively unsusceptible to human tuberculosis. It is extremely probable 
that Dr. Koch has carried this to full proof and. develeped the difference to 
be one of species. If, however, tuberculosis cannot furnish bacilli which 
gives human beings the disease, the cattle bacilli render cattle diseased. 
Infection once begun infeets the entire herd. Unless people chose to eat 
diseased meat, and drink milk with bovine tubercle containing, as was 
found in Boston, 810 million germs to the tumbler, tuberculous cattle must 


continue to be sternly destroyed.” 


The following from the ‘“ Medical News” of New York: 


‘““The belief that bovine tubercle bacillus is incapable of inducing 
tubereulosis in man is, of course, by no means new. For years there have 
been advoeates of this side of the question. Asa matter of fact, there is 
abundance of clinical evidence which indicates this capacity. Thus, 
Tscheving, of Copenhagen, in 1888, reported a case in point. The sufferer 
was a veterinary surgeon who wounded his finger while making an autopsy 
on a tuberculous cow. Local tuberculosis in the wounded part developed in 
a short time. Lefevre collected other equally striking examples which 
would be very difficult of explanation if our present view is incorrect.” 


The introduction to this report by Dr. Glover gives 
the above cases and presents abundant reason for sus- 
pecting tuberculous cattle. It will take nothing short of 
absolute proof to convince that bovine tuberculosis is not 
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dangerous to man. It is to be devoutly hoped that this 
is so, as it would greatly simplify the problem of ridding 
both man and cattle of the worst disease with which either 
is afflicted. Meanwhile, we should not cease using judicious 
caution and our researches are doubly interesting. The 
evidence against bovine tuberculosis has been sufficient 
excuse for all the laws and regulations enforced against it. 

At the close of the British Congress on tuberculosis, 
before which Professor Koch delivered his paper, a series 
of resolutions were adopted, among which appears the 
following, as published in Science, Aug. 1901: 


“That in the opinion of this Congress and in the light of the work 
that has been presented at its sittings, medical officers of health should 
eontinue to use all the powers at their disposal and relax no effort to prevent 
the spread of tuberculosis by milk and meat.”’ 

““That in view of the doubts thrown on the identity of human and 
bovine tuberculosis it is expedient that the government be approached and 
requested to institute an immediate inquiry into this question*which is of 
vital importance to the publie health and of great consequence to the 
agricultural industry.” 


There were over 2,500 members at this Congress in- 
cluding many of the world’s foremost scientists. 


THE TUBERCULIN TEST. 


Within the past year the restrictions of this government 
on the importation of tuberculous cattle has given rise to 
vigorous protests on the part of men actuated by selfish 
interests. Our own people submitted to like restriction 
without complaint, but enforcing such regulations against 
Canadian cattle has given rise to what we believe are un- 
warranted attacks on the reliability of the tuberculin test 
which is used to determine whether or not cattle are tuber- 
culous. 

_ We think it unfortunate that some of our leading stock 
journals have published attacks on the test, which are calcu- 
lated to mislead the public in regard to its efficiency and 
value. The highest authorities state that tuberculin is per- 
fectly harmless to healthy cattle when properly.administered 
as a test for tuberculosis. They are also agreed that it is a 
means of detecting the disease which is of great value and 
sufficiently accurate to be practically infallible. Because it 
gives fever to diseased animals or occasionally fails to pro- 
duce its effect on such advanced cases that the disease can 
be found by physical examination does not seem sufficient 
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reason for condemning it as a diagnostic agent. It is be- 
lieved that it does not fail to detect the disease inmore than 
one-fifth of one per cent. of cases which are not far advanced 
in their course, and in our experience the disease has been 
found in every case which responded to the test. 

Tuberculin is a glycerine extract of the toxin produced 
by the bacillus tuberculosis, but it contains no living germs 
which can communicate the disease. The normal tempera- 
ture of an animal is obtained, then a small quantity of the 
tuberculin is injected hypodermically so it will be absorbed 
into the blood. If the animal is diseased the tuberculin 
causes a rise in temperature of 2 degrees or more in 8 to 16 
hours, and sometimes a swelling and soreness where the in- 
jection was made. It should be used under the direction of 
a veterinarian or physician, or someone who has used and 
understands the method of applying the tuberculin and ob- 
serving the results. 


WHYEWE LESTED THE COLLEGE HERD: 


Our cattle had not been tested and we suspected the 
disease. However, we had ‘only one animal under suspi- 
cion, and we hoped she would be the only case. Gildana, a 
Jersey cow about eight years old had been out of health for 
some months. She had the malignant catarrhal fever which 
was prevalent during the fall months, and did not recover 
as did other animals which were affected. She seemed to 
be passing into decrepid old age which we thought due in 
all probability to tuberculosis. Dr. Glover was consulted 
and he agreed to test the dairy herd. We did not expect to 
find many cases as we thought there was reason to believe 
that tuberculosis might not be so prevalent in our dry sunny 
climate as it had proved to be in more humid regions. 
There may have been a little personal pride in the thought 
that our cattle, which had been given the best of care under 
the most favorable conditions, would be unusually healthy. 
As we will show later this idea was not without some found- 
ation in fact. But tuberculosis is a disease which leaves its 
victim hopeful and in good cheer and one about which the 
novice should not jump at conclusions. We guessed that 
Gildana had tuberculosis, but we guessed wrong, for she did 
not respond to the test and is now believed to be healthy, 
while other cows in the herd which to all appearances were 
healthy, were found to be veritable pest houses of infection. 

Again, because cattle form so large a part of human 
food; because they are subject to many diseases fatal to 
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man, and because cattle products, as milk and butter, are 
used in the raw state they are a constant menace to the 
public health. It is important then that the greatest care 
and sanitary precautions should be used in handling cattle 
and their products. Outside of the danger to man there is 
the item of financial loss from the presence and spread of 
disease among our stock. These are sufficient reasons for 
every cattle owner applying every test and attention which 
will insure keeping only healthy stock. Dr. Bang, the great 
Danish authority, has succeeded in having laws passed 
which makes sanitary precautions compulsory in Scandina- 
via, and already enough has been done in Europe to show 
that tuberculosis may be materially decreased by proper 
sanitary control of tuberculous subjects among both animals 
and man. In Denmark national laws make it compulsory 
to heat all milk to 185 degrees F. before it is sold, or before 
butter is made from it. 

In Germany tuberculous persons are required to take 
the sanitary treatment prescribed and they find that tuber- 
culosis is decreasing under these laws. Many of our states 
have legislative regulations for stamping out tuberculosis 
among cattle, and some of them are extreme in requiring 
the slaughter of all reacting animals. If human and bovine 
tuberculosis prove to be the same disease, it would seem 
that this method would be the surest and quickest way of 
removing the greatest of all dangers to human life, but be- 
cause of the uncertainly, we are probably not ready at the 
present time to adopt such drastic and expensive measures. 
However, enough is known at the present time so no one is 
excusable for using milk or butter from cows which have 
not been given a bill of health and demonstrated free from 
tubercle, and no stockman is excusable for harboring and 
breeding the disease in his herd. : 


RESULTS OF THE TESTS. 


Three tests have been made of the cattle on the College 
farm, by Dr. Geo. H. Glover, veterinarian. The first on 
December 8, 1900, was of all the cows being milked in the 
dairy, consisting of seven Jerseys and one Shorthorn and 
also one Shorthorn which had lost her calf and had not 
been doing well for some time. Table-I gives the result of 
this test, showing the normal temperatures determined be- 
fore inoculation and the rise in temperature after injection. 
I'he maximum temperatures and total rise of reacting ani- 
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mals are shown in bold faced type. Unless the rise in tem- 
perature was more than 2.5 degrees it was not considered 
proof of infection. It will be seen that of the nine animals 
tested five, or 56.6 per cent. reacted. 


ATE ALTE. lt 
TUBERCULIN TEST MADE_DEC. 8, 1900. 


COLORADO AGRICULTURAL COLLEGE. 


I Hours fi . 
: _ . Wt. |Age} Nrm’1|} Max’m >| Rise in ioe 
No.| Name Breed Ibs. lyrs.|PTemp.| Temp. _ after Temp. Remarks 
ay: os injec’n 
as op ae aaa 
1 |Young Jersey 1072 | 10 | 100.1 101.5 ll 1.4 
Grannie| 
2 |King Lee | ss 1122 | 41] 100.7 1071 ll 6.4 Destroyed. Harly 
Noble stages of disease 
3 | Gildana ie 920 | 10 | 100.3 101.2 13 0.9 
Destroyed Had 
4 Kate ae 828 | 4} 100.9 106.7 1] 5.8 |generalized tub- 
erculosis 
5 Lucy 5 860 | 4] 101.0 104.9 | ll 3.9 Destroyed. Dis- 
ease not ad- 
6 |Lelia i 770 | 2} 101.8 105.0 12 3.7. |vanced. 
Rose 
7 |Gildana _ 872 | 3] 101.4 101.8 21 0.4 
2nd 
8 |Orchard |Shorth’rn! 1876} 5 | 100.9 102.2 8 33 
Girl Destroyed. Gen- 
9 |Ambrosia ¥ 982 | 3 | 101.7 106.0 8 4.3 leralized tubercu- 
2nd losis 


The second test, principally of the Shorthorn cattle was 
made January 12. The results are given in Table [I. 
No. 1, Young Grannies. No, 2 1Leé. Noble;) Nowe: 
Gildana: No. 6, Lelia Rose; No. 7, Gildana 2d,.and No. 
11, Ambrosia, were cows which were injected during the first 
test. An interesting point and one which has been urged 
peomiste the, test “is that. the Jersey, Lelia Kose, andathe 
Shorthorn, Ambrosia, which gave reactions at the first test 
on December 8, failed to react to this second injection of 
tuberculin. It merely illustrates the fact that an injection 
of tuberculin renders an animal immune to the test for some 
time after it has been made. 

The time between tests of the same animal should 
probably not be less than six months, and the results of a 
test should not be accepted unless it is known that the ani- 
mals have not been injected with tuberculin for at least six 
months time. Therefore we did not accept the failure to 
react at this second test as an indication of freedom from 
the disease and at the post mortem Ambrosia proved to be 
about as bad a case as could exist and the animal continue 
to live, although she appeared fairly well and thrifty. 

Counting out the animals tested December 8, including 
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TABLE Il. 
TUBERCULIN TEST MADE JAN. 12, 1901. 


COLORADO AGRICULTURAL COLLEGE. 


No.| Breed | Wt. |Age Bee eee jorter, See Remarks 
1| Jersey | 1072 | 10] 100.8 101.9 12 1.1 jSecond test 
2 os 1122 | 8 | 101.4 106.5 18 5.1 |Destroyed. Had general- 
ized tuberculosis 
3 = 920 | 10 | 100.8 101.3 5 0.56 |Second test 
4 |Shorth’rn| 900*) 2 | 102.2 108.8 9 Lew 
5 4 1140 | 5 | 101.7 101.2 Oe Wiese Gsronc 
6| Jersey TIO“ 2 | LOUD 103.0 il 1.9 |Second test 
7 5 872 | 3 | 101.8 101.9 5 0.1 |Second test 
8 |Shorth’ rn] 1225*) 3 | 102.1 104.0 13 1.9 
9 s 1240*| 3 | 108.2 102.3 Se aS sect ern 
10 * 1260 | 3 | 102.4 106.3 138 3.9 
a8 i“ 1250*| 38 | 102.8 102.2 Ade Wh ea Deone Second test. Generalized 
12 % 1050 | 3} 102.2 106.1 13 3.9 Mah tag 
13 oi 1190 | 7 | 102.4 102.3 Dy FP inars etcaseatancy 
14 4 1075 | 7 | 102.4 102.9 4 0.5 
15 ‘s 182 4 | 102.6 102.9 4 0.3 
16 U4 1185 | 5 | 101.8 102.3 9 0.5 
7 s 1800*| 4 | 102.7 102.5 Aa ..comtes aiarets 
18 al 1225 | 5 | 102.2 102.7 4 0.5 
19 rs I2fos| 4 102.9 105.8 15 3.6 
20 sf 1650 | 2 | 102.5 106.5 15 4.0 
21 Jersey 800 1} 101.6 103.0 12 1.4 
22 ie 805 1 | 101.8 103.6 10 1.8 


* Estimates based on later weights. 


TAB Lye as 
TUBERCULIN TEST MADE JAN, 26, 1901. 


COLORADO AGRICULTURAL COLLEGE. 


1{ Jersey | 1540*| 3] 100.8 101.7 8 0.9 |Bull 
2 |Shorth’rn} 1000*} 2] 101.9 101.0 1B Rie racurinehss 5 

3 Be 1260 2) 101.8 101.3 Pann rents Sam, 3 

4 sf 1270 | 12 | 102.5 108.9 21 1.4 

5 ‘s 1565 | 6 | 103.6 105.6 18 2.0 
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those which reacted, there were 18 new ones tested January 
12, Of the 18 animals, four, or 22 per cent. reacted. This 
does not include No. 8 which gave a temperature rise of 2 
degrees. 

While we had taken the temperatures of all the cattle, 
not quite enough tuberculin was obtained so a third test was 
made January 26. One Jersey bull and four cows were 
tested. (See Table III.) As none gave a rise of tempera- 
ture of more than 2 degrees it was not considered sufficient 
to prove the disease in any of them. 


SUMMARY OF REACTIONS. 


A total of 31 head were injected with tuberculin and 10 
reacted, or thirty-two and one-fourth per cent. There were 
11 Jerseys, of which 5 reacted, or nearly 45.5 per cent. Out 
of 20 Shorthorns, 5 gave definite reactions, or 25 per cent., 
and 2 doubtful cases in which the temperature did not rise 
high enough to be considered proof of disease. 

There were in reality two herds of Shorthorns. The 
old herd which had been raised on the College farm or had 
been here for 8 or 9 years did not contain a diseased animal 
while the 5 cases were out of a herd of 12 animals which 
had been brought from Iowa one year before the test. Then 
there was 41% percent. of the Eastern Shorthorns and none 
of the Western animals tuberculous. While this may have 
been an accident, we take it as significant, and probably it 
indicates what may be expected in a general way. It is 
generally believed that Western range cattle are practically 
free from tuberculosis. 


POST MORTEMS. 


Four of the reacting Jerseys and one Shorthorn have 
been killed and carefully examined. These examinations 
were conducted by Dr. Glover. In order to make the ex- 
aminations as thorough and authentic as possible Dr. Glover 
secured the assistance and cooperation of Dr. L. Clark, a 
veterinarian of long standing and ability in the government 
employ, and Dr, R. McCarroll “of Fort Collins, Mr. C. J. 
Griffith and the writer assisted with the work and took the 
notes. The College authorities were present to satisfy 
themselves that the disease was demonstrated and the class 
in veterinary science took an interested part. None of the 
- cows had the disease far enough advanced to make it possi- 
ble for the veterinarians to detect it by physical examina- 
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tion, but the diagnosis as made by the use of the tuberculin 
proved correct in every case and three of the five cows ex- 
amined had generalized tuberculosis, i. e., nearly all the 
organs were diseased. In three of the four Jerseys exam- 
ined tubercles were found in the udder where they were dis- 
charging into the milk. No attempt willbe made to write a 
technical description of these post mortem examinations, 
but the following general notes will give the reader an idea 
of the amount of infection demonstrated: 


Kate. (No.4in Table L.) Jersey cow, 4 years old, Reaction, 5.8 de- 
grees, Killed and examined December 15, 1900. Carefully examined before 
death, but could find no evidence of disease. Cow in good condition with 
considerable internal fat. Had been lame and evidently suffering from 
effect of the injection of tuberculin since December 8. Lungs healthy except 
the lymphati¢ glands in the lungs which were hard and gritty with calcare- 
ous deposits in the tubercles. Kidney healthy, scattering tubercles size of 
pinhead to one-half pea, scattered over the intestines, especially the large in- 
testine. Spleen covered with tuberculous growths. Liver with scattering 
tubercles and grit of small size all over surface and through the mass. Inside 
of womb and placenta along with umbilical cord. covered with tubercles 
from size of grain of sand to small pea. Small tubercles found in udder. 
Photographs taken of cow and affected glands Carcass burned. 

Kine’s Lee Noble, (No.2in Table I.) Jersey cow, four years old. 

Reaction, 6.4 degrees. Killed and examined December 29, 1900. Apparently 
in good health. Glands in lungs and those from the mesenteries affected, 
but not in advanced stage of disease. Well developed tubercles in the udder 
where milk glands were discharging over them. Photographs taken of cow 
before death, and of affected glands. Carcass burned 

Lwey. (No.5in Table I.) Jersey cow, four years old. Reaction, 3.9 
degrees. Killed and examined December 29, 1900. Cow apparently healthy. 
All organs apparently healthy, Finally small glands from the mesenteries 
were found with well developod tubercles in the milliary stage. (Millet-seed 
like excretions of calcareous matter encysted in the glands.) Photographs 
taken before and after death, also of glands. Carcass burned. 

Lee Noble. (No.2in Table II.) Jersey cow, seven years old. Re- 
action, 5.1 degrees. Killed and examined January 26,1901. Though this 
cow was apparently healthy, inside of carcass and organs were found to be 
literally covered and filled with tubercles, the principal affection being in 
the liver, lungs, udder, lymphatic glands, placenta and umbilical cord. 
Hard, gritty, calcareous deposits everywhere. Carcass burned, 

Ambrosia, (No. 9in Table I and No 11 in Table II.) Shorthorn 
cow, three years old. Reaction, 4.3 degrees. Killed and examined May 4, 
1901, Cow apparently in good condition, well supplied with fat and with no 
external evidence of the disease. She had not been eating well for some 


time and we had been unable to get her with calf>. Hada small tumor on 
right jaw. Post mortem demonstrated an advanced stage of tuberculosis. 


Ovaries and uterus badly diseased and filled with pus from the breaking 
down tubercles, Beside the sex organs, the spleen, liver and intestines, 
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along with lining of lungs and heart. were covered with surface tubercles, 
The lungs were very much affected, the left one being almost entirely filled 
with tubereles and caleareous deposits. Those who saw this dissection ex- 
pressed surprise that the cow could be so generally diseased and continue to 
live, while in reality she had evidenced little outward sign of trouble. Pho- 
tographs taken of spleen, glands and uterus. Careass burned. 


REACTING ANIMALS NOT ALL DESTROYED. 


It may be well to explain why all reacting animals were 
not destroyed at once. Some of them were kept for several 
reasons. In the first place it is a matter of some interest to 
determine whether tuberculous animals from the East will 
be cured of the disease by open air treatment when brought 
West. Second, it is considered possible to raise healthy 
calves from cows which are not badly affected, by separating 
them from the mother at once and putting them on nurse 
cows which are free from disease. Third, the cows will be 
useful clinical material for the instruction of students in vet- 
erinary science. The reacting animals are being kept away 
from healthy ones and as soon as our barn is remodeled 
and thoroughly disinfected we hope never to put a tubercu- 
lous animal in it. With every precaution against spreading 
infection the cattle will be handled for a time for experi- 
mental purposes. At the same time we will speed the day 
when we can say that our stock is free from disease and that 
there is no hereditary tuberculosis or tendency to it in any 
cattle at the College. 


CONCLUSIONS AND RECOMMENDATIONS. 


1. While there is probably less disease in Colorado 
than among cattle from humid states, the disease is present 
in our herds and should receive attention. 

2. Stockmen, especially dairymen and owners of family 
cows should get rid of the disease and not introduce more 
of it by the purchase of infected animals. 

3. The tuberculin test isa reliable way of finding out 
whether cows are free from tuberculosis. 

4. People should secure sanitary milk and disease-free 
butter, especially where children consume them. Milk or 
cream not from tested cows should be boiled before using. 
In ordinary practice any heat less than boiling should not be 
considered sufficient to kill the germs. 

. We do not know whether tuberculosis is commonly 
transmitted from cattle to man. The evidence that it is, as 
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presented in Part I of this bulletin is very strong. On the 
other hand so great an authority as Dr. Robert Koch thinks 
he has proved that human and bovine tuberculosis are dif- 
ferent diseases. 

6. Inthe state of our present knowledge of tuberculosis 
we can afford to take no chances by harboring infected ant- 
mals, both because of the danger to ourselves and of the 
loss among our stock. 

7. A cow may be seriously diseased so she will spread 
the infection to her calf or the rest of the herd and finally 
become unproductive and worthless herself without showing 
external signs of having a disease. The only known way of 
proving a cow healthy is by using the tuberculin test. 

8. There is evidence to show that calves may inherit 
tuberculosis from their mothers, but it is generally consid- 
ered that they are free from the disease when born and may 
be kept healthy by raising them on milk which is free from 
the bacilli. 

9. Where apparently healthy cows which respond to 

the test are kept for raising calves they should be isolated 
and every precaution taken to prevent the spread of the 
disease to the rest of the herd. We found the sexual organs 
badly diseased in three out of five cows examined and do 
not think it would be safe to use the herd bull with them. 
In the writer’s opinion the most profitable method is com- 
plete and conscientious destruction of diseased animals. 
__ 10. Cow stables should be regularly cleansed and dis- 
infected. Good disinfectants are chloride of lime or a wash 
of equal parts carbolic acid and sulphuric acid mixed and 
diluted with twenty parts water. Sulphuric acid must be 
added slowly and carefully to the carbolic acid and these 
carefully to the water. 
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IRRIGATION ADMINISTRATION OF COLORADO. 


1. The State Engineer. 
Appointed by the Governor for a term of two years. 


2. Superintendents of Irrigation. 
One to each of the six water divisions. Subordinate to the State 
Engineer. Superior to the Water Commissioners. Appointed by 
the Governor, term of two years. 


3. The Water Commissioners. 

One to each water district. Subordinate to Water Superin- 
tendent and to the State Engineer. Appointed by the Gov- 
ernor from persons recommended by the several Boards of 
County Commissioners in the counties in which the water 
districts extend; term of two years. 


The water districts consist of “the land now irrigated or which may 
be hereafter irrigated from ditches taking water from the following described 
rivers or natural streams of the State of Colorado.” 


WATER DIVISIONS AND DISTRICTS. 


1. The Platte, or Water Division No. 1. Consists of all the water dis- 
tricts consisting of lands irrigated from the North and South Platte, Bi 
Laramie River, North and Middle Forks of the Republican, Sandy and 
Frenchman Creeks and tributaries. 

Water Districts. 16 in number. Nos. 64, 1, 28, 23 on the South Platte 
numbering from the State line; 3 on the Cache la Poudre; 4 Big 
Thompson; 5 St. Vrain; 6 Boulder and Coal Creeks; 9 Bear Creek; 
46 and 47 North Platte (North Park) ; 48 Big Laramie; 65 Repub- 
lican, Sandy and Frenchman Creeks. 

2. The Arkansas, or Water Division No. 2. Consists of water districts 
of lands irrigated from the Arkansas River and its tributaries, Smoky Hill, 
South Fork of the Republican and Dry Cimarron. 

Water Districts. 13 in number. Nos. II, 12, 14, 17 and 67 on the Ar- 

kansas, in order down stream; 10 Fountain Creek and tributaries; 13 
Grape Creek; 15 St. Charles; 16 Huerfano; 18 Apishapa; 19 Purga- 
toire; 49 South Fork of the Republican and Smoky Hill; 66 Dry 
Cimarron. 

3. The Rio Grande, or Water Division No. 3. Lands watered from the 
Rio Grande and its tributaries. 

Water Districts. (8). Nos. 20 and 24 Rio Grande; 21 Alamosa and La 

Jara Creeks; 22 Conejos; 23 Rio Grande and Costilla; 25 San Luis, 
Sand or Medano, Big and Little Spring Creeks; 26 Saguache; 27 
Tuttle, Carnero and La Garita; 35 Trinchera. 

4. The San Juan. or Water Division No. 4. Lands irrigated by San 
Juan River and its tributaries. 

Water Districts. (6). Nos. 29 and 32 San Juan; 30 Rio Las Animas; 

31 Los Pinos; 33 La Plata; 34 Rio Mancos. 

5. Grand River, or Water Division No. 5. Lands in Colorado irrigated 
by the Grand River and its tributaries. 

Water Districts. (20). Nos. 28, 30, 42, 45, 51, 53, Grand River; 36 Blue 

River; 37 Lagle; 38 Roaring Fork; 39 Grand, Elk, Rifle and Rhone; 
40 Crystal Creek, Smith’s Fork and Gunnison; 41 and 68 Uncom- 
pahgre; 42 Grand; Gunnison in Mesa County; 50 Muddy and 
Troublesome Creeks; 59 Gunnison; 60 San Miguel; 61 and 63 
Dolores; 62 Gunnison. 

6. Green River, or Water Division No. 6. Lands irrigated by water 
taken from the Green River and its tributaries. 

Water Districts. (7). Nos. 43 White River; 44, 55, 51 and 58 Yampa; 

54 Little Snake; 56 Green River. 


INTRODUCTORY. 


Every person who uses water in Colorado, whether for agricul- 
tural or domestic purposes is affected by the methods of distribution of 
the state, or by their application. 

At least two sets of administrative machinery are required to 
deliver water to the consumer; one under the direction of the state 
officials provides for the division of water from the streams to the 
ditches and the protection of their various rights; the other, for the 
carriage and distribution of water from the head gates of the ditches to 
the consumer. 

The machinery of the state is more particularly the subject of 
this bulletin. The methods of distribution to be followed by the ditches, 
and the duties of the ditch officials, are left to the ditches themselves. 
These are generally provided for in the by-laws of the ditches, or by 
custom. It is hoped to take up the division in ditches more fully in a 
future bulletin. 

This bulletin consists of two lectures given by Hon. H. N. Haynes 
of Greeley, before the Short Course for Irrigation Officials, given at 
the Agricultural College in the spring of 1901. Their importance con- 
cerning one of the subjects which touches closely on the agricultural 
welfare of Colorado justifies a wider distribution. 

They give a summary useful to every consumer and to the officials 
themselves on the powers and duties of the State Irrigation Officials, 
and aside from the intrinsic importance and the value of the views of 
a careful legal student, the information is widely scattered and difficult 
of access. 

To those who have been acquainted with the development of 
Colorado irrigation law, Mr. Haynes needs no introduction. To others, 
it is sufficient to say that he was one of the first to represent the state 
as judicial referee in decrees relating to the appropriation to ditches. 
In the subsequent development of Colorado law on irrigation he has 
been actively .concerned in the settlement of almost every question of 
importance brought for judicial determination in Northern Colorado; and 
a student of irrigation law in its broader aspects. 


L. G. CARPENTER, Director. 


THE DISTRIBUTION OF WATER 


POWERS AND DUTIES OF IRRIGATION OFFICIALS 
UNDER COLORADO LAWS. 


Bye NAY NES: 


It is the purpose of this paper to consider the powers and 
duties of state officials in distributing water. The’ American 
law of irrigation is yet in a formative state. It was unknown to 
the common law of England, from which we have borrowed the 
great body of our system of jurisprudence. It has been gradu- 
ally building as the result of customs of the early settlers in the 
arid part of the United States, judicial decisions announced 
thereon, and the enactment of statutes, both by Congress. and 
the several Territorial and State governments. Most of the de- 
cisions of the courts on irrigation subjects up to this time, have 
pertained to questions of appropriation of water from running 
streams, and from other sources of supply, and to controversies 
between rival ditch owners as to their relative rights, while com- 
paratively little attention has been given to the matters now under 
consideration. So noticeable is the dearth of judicial decisions 
on the question of distribution of water by officials in charge, 
that in the two text-books on irrigation law, written respectively 
by Mr. Kinney and Mr. Long, the space devoted to the subject 
occupies but a very small fraction of the volumes. 

In Long on Irrigation, which is divided into 15 chapters, 
but one chapter, the 12th, containing only four sections, ison 
the subject of public control of irrigation, and that chapter con- 
sists in the main of references to statute law. The space devoted 
to the same subject in Kinney on Irrigation, is about as limited. 

It follows from the foregoing that little more can be said 
on the subject of the duties of the several water officials than to 
call attention to the statutes of the state prescribing their duties, 
to make some comments thereon with reference to practical ques- 
tions likely to arise, to indicate the probable position which may 
be taken by the courts, and to suggest what line of policy and 
action should guide the officials under the statutes, to carry out 
their true intent and purpose, and so far as possible, to obviate 
the necessity of contentions and unnecessary litigation. It can 
readily be seen, it is difficult to go very far into this discussion 
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without traveling into ground which is somewhat open to con- 
troversy. The lack of authoritative judicial decisions on many 
questions likely to arise, is necessarily a source of embarrassment 
in making such comments from a professional standpoint. 


EARLY LEGISLATION. 


It is interesting to note that the first Legislature of Colorado 
Territory, on November 6, 1861, passed an act to protect and 
regulate the irrigation of lands, the fourth section of which, down 
to the proviso, reads as follows: 

“That in case the volume of water in the stream or river, shall 
not be sufficient to supply the continual wants of the entire country 
through which it passes, then the nearest justice of the peace shall 
appoint three commissioners as hereinafter provided, whose duty it shall 
be to apportion in just and equitable proportion, a certain amount of said 
water upon certain or alternate weekly days to different localities, as they 


may in their judgment, think best for the interests of all parties con- 
cerned, and with a due regard to the legal rights of all.” 


The proviso of the section excepted from its operation land 
on what is known as Hardscrabble Creek, a tributary of the Ar- 
kansas. In the Revised Statutes of 1868, the same section was 
re-enacted, except that the Probate Judge was made the official 
to appoint the three commissioners, instead of the nearest Justice 
of the Peace. In 1870, by act approved February 11th of that 
year, that portion of said section 4, which referred to Hardscrabble 
Creek, ‘was repealed. (Session: Laws, 1870, p. 156).5ee 

In 1872, there was further legislation concerning the duties 
of the water commissioners in the County of El Paso. It was 
provided that they should receive $5.00 per day when discharging 
their duties, to be paid by means of a tax levied by the County 
Commissioners, on each person using water for irrigation, in 
proportion to the amount of water used by each person. 

In the second section of the act approved February 6, 1872, 

concerning irrigation in El Paso County, it was provided that 
the commissioners, with a due regard to prior vested rights, 
should establish such rules and regulations as in their judgment 
are necessary and proper to secure the purposes of the act, and 
to control the use of water for irrigation. 
_ The third section of the act made it a misdemeanor sub- 
ject to a fine and imprisonment, for a person to use water from 
any ditch or water course of the county to which he was not 
entitled, when the commissioners were controlling the same, or 
to hinder any commissioner in the performance of his duties. 

A statute adopted February 9, 1872, applicable only to 
Pueblo County, required each ditch company to construct a tail 
ditch to return water with as little waste as possible, to the river, 
and made it unlawful to take more water into a ditch than was 
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necessary to irrigate the land under it when water was scarce in 
the stream. The second section amended the act of 1868, by 
substituting one commissioner for three commissioners. The 
third section required in Pueblo County, before a commissioner 
should be appointed by the Probate Judge, that a majority of the 
riparian owners on each stream, should sign a petition, request- 
ing an appointment to be made, mentioning whom they preferred. 
(Session Laws, 1872, p. 144.) 

The General Laws of 1877, which was a compilation of pre- 
vious general statutes, as well as of those enacted by the first 
general assembly of the State of Colorado, contained the fourth 
section of the chapter concerning irrigation in the Revised Statute 
of 1868 without change, except that the words County Judge 
were substituted for the words Probate Judge. The compiler 
of the General Laws evidently overlooked the amendment of 
1870, repealing the Hardscrabble proviso. 

In the compilation known as the General Statutes of 1883, 
this important section of early Colorado law is printed with the 
amendment made in 1870, as Section 1714 thereof. It reads as 
follows: 

“In case the volume of water in said stream or river shall not 
be sufficient to supply the continual wants of the entire county through 
which it passes, then the County Judge of the county shall appoint three 
commissioners as hereinafter provided, whose duty it shall be to ap- 
portion in a just and equitable proportion, a certain amount of water upon 
certain or alternate weekly days to different localities, as they may 


in their judgment, think best for the interest of all parties concerned, 
and with a due regard to the legal rights of all.” 


The same section was again printed in 1890 as Section 2259, 
of Mills Annotated Statutes. 

Just how far any part of this old statute can be considered 
as now in force, may be a somewhat open question. Certainly 
the act of 1879, providing for the appointment of one water 
commissioner for each water district, constitutes an implied repeal 
of the power of the County Judge to appoint three commis- 
sioners; but whether the courts will or will not hold that the 
power “to apportion in a just and equitable proportion, a certain 
amount of water upon certain or alternate weekly days to different 
localities, as the commissioner may in his judgment think best 
for the interests of all parties concerned, and with a due regard 
to the legal rights of all,” still vests in the water commissioner 
of the district, may be fairly debatable. 

Further on we will consider this subject of apportioning 
water in time to different localities under the discretionary 
powers of the water commissioner, without reference to this 
statute. From any point of view, it is interesting to note that 
there has been legislative recognition of the wisdom of such 
alternate supply under certain circumstances of scarcity. 
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Prior to the year 1879, the system of dividing the water 
of running streams among the different ditches entitled thereto, 
was extremely crude. There had been no provision made to de- 
termine judicially or otherwise, except in the discretion of the 
cominissioners, to how much water each ditch was entitled. 


LEGISLATION NOW IN FORCE. 


In 1879 the present Colorado system of adjudicating pri- 
orities and providing for the enforcement thereof, had its incep- 
tion. It was attempted in that year, by the second general as- 
sembly, to provide a system of procedure to adjudicate priorities, 
but that part of the act of 1879 was found defective, and 
amended in 1881. In the act of 1879 ten irrigation districts 
were created, and it was provided that others might be created 
by the Governor, on petition of parties interested. Subsequent 
legislation has created new districts so there are now 69. The 
sixteenth section of the act provided for the appointment of one 
commissioner for each district, and the method of his appoint- 
ment. 


WATER COMMISSIONERS. 


POWERS AND DUTIES UNDER THE STATUTES: 


The 18th section of the act of 1879 (Section 2384 of Mills 
Annotated Statutes) defined the duties of the water commissioner 
as follows: 


oor 


it shall be the duty of said water commissioner to divide the 
water in the natural stream or streams of their districts among the 
several ditches taking water from the same, according to the prior 
rights of each respectively; in whole or in part to shut and fasten, 
or cause to be shut and fastened, by order given to any sworn as- 
sistant, sheriff or constable of the county in which the head of such 
ditch is situated, the head gates of any ditch or ditches heading in 
any of the natural streams of the district, which in a time of scarcity 
of water, shall not be entitled to water by reason of the priority of the 
rights of others below them on the same stream.”’ 


In 1887, Superintendents of Irrigation were provided for 
and their duties prescribed. The sth section of the act (Sec. 2451, 
M A. S.), reads as follows: 


“Hach water commissioner shall report immediately to the super- 
intendent of irrigation of his division, when he is called out, and when 
he ceases to be needed, and shall, during the continuance of his duties, 
be under the control of the superintendent of irrigation of his division.” 


The 8th section of the same act (Sec. 2454, M. A. S.), reads 


as follows: 
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“Said superintendent of irrigation shall have the right to call out 
any water commissioner of any water district within his division, at 
any time he may deem it necessary, and he shall have the power to 
perform the regular duties of water commissioner in all the districts 
within his division.” 

In the 9th section of the same act (Sec. 2455, M. A. S.), 
each water commissioner is required to make reports to the super- 
intendent of irrigation as often as required by him. Such reports 
of a water commissioner must contain information concerning, 


(a) The amount of water needed to supply all ditches and res- 
ervoirs in his district, meaning of course, under each stream in the 
district. 

(b) The amount of water coming into the district to supply such 
needs. 

(c) Whether the water supply is on the increase or decrease. 

(d) What ditches or reservoirs are, at the time of the report, 
inadequately supplied. 

(e) The probability concerning the supply prior to the next re- 
port. 

(f) Such other and further information as the superintendent of 
irrigation of that division may suggest. 


Printed blank forms prepared by Superintendent of Irriga- 
tion would be helpful in the matter of such reports. 

The t1oth section of the same act of 1887 (Sec. 2456, M. A. 
S.) pertains in part to'the duties of the water commissioners. It 
provides, in substance, that when any ditch or reservoir is not 
receiving its regular water supply, its owner may report such 
fact to the water commissioner of his district, who shall, if prac- 
ticable, apportion the water in his district to aid the ditch men- 
tioned, if he can do so, and shall, if necessary, by telegram re- 
port the situation to the superintendent of irrigation, to enable 
that official, if necessary and practicable, to supply the needed 
water at the expense of junior appropriators from some other 
district. 

In 1889 an act was passed, the first section of which (Sec. 
2293, M. A. S.) requires any person or corporation diverting 
water from a public stream, to erect and maintain headgates 
and waste gates in connection with his ditch, and provides that 
after five days’ notice so to do by the water commissioner of the 
district or by the state engineer, if such headgates are not erected, 
then the same shall be constructed by the water commisisoner, 
who. is also vested with power to recover the expense thereof 
from the delinquent ditch owner. 

The second section of the same act (Sec. 2294, M. A. S.) 
contains similar provisions, with reference to the keeping of 
suitable locks and fastenings on headgates where water is taken 
from a public stream, and on failure of the owner so to do, it is 
made the duty of the water commissioner to provide suitable locks 
and fastenings, and collect the cost thereof from the ditch owner. 
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By another act adopted in 1889, many important new duties 
and powers were thrown upon water commissioners. By its first 
section. (Sec. 2386, M. A. S.), a water commissioner in dis- 
charging his duties is vested with the power of a constable, and is 
authorized to arrest any person violating his orders relative to the 
opening or shutting down of headgates, or the using of water 
for irrigation purposes, and to cause the offender to be prosecuted 
before a Justice of the Peace. 

In a proviso to the same section, the orders of the superin- 
tendent of irrigation and of the state engineer shall be treated 
as superior to those of the water commissioner. 

By the 3rd section of the same act (Sec. 2388, M. A. S.), 
the water commissioner is given power to employ a suitable as- 
sistant or assistants to aid him in discharging his duties. Such 
assistants are to take the same oath as the water commissioner, 
and to obey his instructions. 

The 5th section of the same act (2391, M. A. S.), being a 
very important one, is here quoted in full, as follows: 


“It is hereby made the duty of the water commissioner, after 
being called upon to distribute water, to devote his entire time to the 
discharge of his duties when such duties are required, so long as the ne- 
cessity of irrigation in his district shall require; and it is made his 
duty to: be actively employed on the line of the stream or streams in 
his water district, supervising and directing the putting in of head- 
gates, waste-gates, keeping the stream clear of unnecessary dams or 
other obstructions, and such other duties as pertain to a guard of the 
public streams in his water district; and for willful neglect of his duty 
he shall be liable to fifty dollars fine, with costs of suit.” 


The .6th section of the same act~(Sec. 2302,5Ni= om) 
provides that the water commissioner shall not begin his work 
until called on by two or more owners or managers or persons 
controlling ditches in his district, by written application, stating 
necessity for their action; it is also provided that the water com- 
missioner shall cease to perform his duties when the necessity 
therefor shall cease. 

In the same year, 1889, another act was passed imposing 
a penalty for the bribing of persons in charge of the distribution 
of water. This section (Sec. 2398, M. A. S.) makes it a misde- 
meanor for any water commissioner or his assistant to take or 
receive any money, promises or favors, or anything of value in- 
tended to influence him dishonestly to favor any person in the 
distribution of water to the injury of others. 

In 1895 another statute was passed providing for the regu- 
lation of the use of the waters of the state. The same, consisting 
of three sections, is printed in the third, or supplemental volume 
of M. A. S., as sections 2384a, 2388a, and 2384b. 

By the Ist section of the act (Sec. 2384a, Mills’ Sup.), each 
water commissioner is empowered, and it is made his duty on 
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application of the owners of one or more ditches in his district, 
immediately to make or cause to be made, a thorough examination 
of all ditches within his district, to ascertain what use is being 
made by the consumers thereunder. If he ascertains that any 
ditch owner is permitting any water flowing in his ditch to be 
wasted, or to be wastefully, extravagantly or wrongfully used 
by its consumers, or put to any other use than that to which it is 
entitled to be used in its priority order, when needed by others, 
it is made the duty of the water commissioner immediately to 
shut off the supply of water in such ditch, to such an extent as in 
his judgment water was wasted, or wastefully, extravagantly or 
wrongfully used. 

The 2nd section of the act (Sec. 2388a, Mills’ Sup.) 
authorizes the water commissioner to appoint not to exceed two 
deputies to speedily make the examination provided for in sec- 
tion I, just mentioned. 

The ard section of the act (Sec. 2384b, Mills’ Sup.) makes 
it a misdemeanor for any water commissioner to fail to perform 
the duties mentioned. 

This act is one of special importance, increasing both thé 
powers and duties of the water commissioners, and if properly 
executed will be of great benefit. 

In 1897 an act was passed to regulate the exchange of water 
between reservoirs and ditches and the public streams, whereby, 
among other things, it was made the duty of any person or 
company transferring water from one public stream to another, 
to construct and maintain under the direction of the state engi- 
neer, measuring flumes or weirs, and self-registering devices, 
where the water leaves its natural watershed, and is turned into 
another, and also where it is finally diverted for use from the 
public stream. 

The 3rd section makes it the duty of the water commissioner 
of the district where the water is used, to keep a record of the 
water so turned into his district from another. 

The 4th section contains similar provisions as to delivering 
water to a public stream from a reservoir, so that the owner of 
the reservoir may take an equivalent amount higher up the 
stream in exchange. The section requires the water commis- 
sioner to determine and regulate this matter of exchange. . 

In 1899, by an act in relation to irrigation, a system of 
procedure in court is provided, in case a permanent change of 
the point of diversion of an appropriation is desired, to enable 
the court to determine whether the proposed change will be in- 
jurious to juniors or not. When a decree is entered in such a 
cause, a certified copy thereof is to be delivered to the state 
engineer, and that official thereupon issues a notice to the water 
commissioner of the district affected, notifying him of the 
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change made. Thereupon the water commissioner is required 
to allot the priority right to the new ditch, in pursuance of the 
new decree. 

The 3rd section of the same act, permitting between ditch 
owners an exchange of water for a limited time to save crops, 
or to use the water more economically, provides for the owners 
making such loan or exchange, to give notice concerning the 
same, and thereupon requires the water commissioner to recog- 
nize the exchange in distributing the water. 

No legislation of the Thirteenth General Assembly which 
has recently adjourned, affecting the duties of water commis- 
sioners has been brought to our attention. 


COMMENTS ON POWERS AND DUTIES OF WATER COMMISSIONERS. 


The foregoing compilation of legislative enactments defin- 
ing the powers and duties of water commissioners makes it plain 
that the office is one of great responsibility and importance, re- 
quiring for the efficient discharge of its duties, to carry out both 
the letter and the spirit of the statute, constant attention, strict 
impartiality, energy, tact, hard work, and ability. From the 
very nature of the duties imposed, the fluctuations in supply of 
water during an irrigating season, the need of its use frequently 
being greater than the supply, considerable discretion must be 
exercised by the official in charge. It may be said at the outset 
that it is probably not possible, with the necessary limitations 
of human wisdom, for any water commissioner to attain per- 
fection in performing these duties. But every faithful official 
should aim to attain as near an approach as possible to a perfect 
discharge of all the duties imposed upon him. 


It is to be hoped that in the course of time, and with in- 
creased experience, the service will be improved; that mistakes 
and neglect of commissioners in the past and the injuries result- 
ing therefrom, will occasion greater diligence and care, and more 
freedom from error in the future; that in time, the sooner the 
better, the selection of these officials will be removed more and 
more from the scrambles of politicians, so that a trained class 
of officials to perform these important duties necessary for the 
proper development of one of the leading industries of the state, 
will be evolved. In time, the demands of the irrigators of the 
state will be such that a faithful, conscientious and experienced 
official will be retained in office irrespective of the fluctuations in 
political control of the state government. 


An effort will now be made to make some suggestions con- 
cerning the proper discharge of many of the duties of water com- 
missioners prescribed by the statutes. 
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The principal duty of a water commissioner is that defined 
in the first statute whereby the office was created, tersely expressed 
in \oec. 2384, M. A. S. 


“To divide the water in the natural stream or streams of his dis- 
trict, among the several ditches taking water from the same, according 
to the prior rights of each respectively.” 


The language following the above in the statute, conferring 
power to shut down and fasten the headgate of any ditch not 
entitled to water is a mere incident to the language quoted. 

The duty now under consideration involves consideration 
of the decrees whereby priorities have been judicially determined. 
Those decrees fix relative priorities of the several ditches in the 
stream in whose behalf evidence was introduced, the dates of 
such priorities, and the maximum amount of water under each 
priority to which the several ditches were then entitled. They 
do not provide that the maximum amount so defined under each 
priority shall be permitted to run into the ditch named at all 
times, irrespective of the necessities of consumers under the ditch. 
In most of the districts, perhaps in all, the decree defining pri- 
orities was made subject to several conditions, among which 
perhaps the most important was that which in substance stated 
that the decree should not be construed as adjudging to any 
claimant the right to take and carry by means of any ditch or 
reservoir, any water except to be applied to the use for which 
the appropriation was made, nor to allow any excessive use or 
waste of water whatever, nor to allow any diversion of water 
except for lawful and beneficial uses. 

It is not the intention of the statute or of the decrees that 
the water commissioner, who is the executive officer to see that 
the decree and its provisions are enforced and observed, shall 
be permitted to ignore the limitations and conditions stated in 
the decree, and to deliver the maximum amount constantly 
throughout the irrigating season to a senior appropriator, or to 
deliver the maximum amount at any time when it is not actually 
needed for the necessary and beneficial irrigation of crops. In 
considering this general power and duty it is necessary also to 
discuss later statutes enacted for the purpose of emphasizing 
the importance of certain duties incident to the general power, 
and necessary to render the same effective. First among such 
provisions is the fifth section of the act of 1889 making it the 
duty of the water commissioner to devote his entire time to the 
discharge of his duties when necessary, and specially to be 
actively employed on the line of the stream to supervise the water 
delivery; to keep the same clear of unnecessary dams and ob- 
structions, and to act as a guard of the stream. This requirement 
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of the statute demands the most constant vigilance. Many grave 
wrongs have been permitted on account of the failure of water 
commissioners to discharge this important duty. The writer’s 
attention was called within the last two or three years to the 
fact that on one of the streams of the state for several years per- 
sons having ditches of quite late construction and without ju- 
dicial decrees, had been taking water from sloughs and tribu- 
taries of the river, to the injury of early decreed appropriators 
on the stream, without any interference or action of the water 
commissioner to prevent such abuse. 

It is manifestly the intention of the law that the water com- 
missioner should act as faithful servant of all the appropriators 
on the stream, to see that their rights are protected under the 
judicial decrees. The administration of the water system of the 
state was provided by the legislature so that there should be 
some one person to act as agent for all, to see that their rights 
were respected, so as to obviate the necessity of farmers, busy 
with their agricultural work, employing a man to patrol the 
stream and to discover whether or not they were defrauded of 
their property rights. It is to be feared that there are too many 
water commissioners who are neglectful of the emphatic lan- 
guage of the statute requiring them to be constantly watchful. 
Too many commissioners wait to have complaint made to them 
of unlawful diversions, without themselves taking the initiative 
in such matters. It is evidently not the purpose of the statute 
that a water commissioner shall draw a fairly liberal per diem 
merely for giving orders concerning a few of the main ditches 
in his district, and waiting for some one to complain that a 
wrongful diversion is being made by a late ditch from some 
slough or tributary, or from the main stream itself, but that he 
should be actively concerned and have his assistants under his 
immediate supervision active to watch for abuses, and to prevent 
them, if necessary by the full force of the county. 

It would seem that the statute mentioned was passed in 
1889 to enforce greater vigilance on the part ot the water com- 
missioners. Three sections (Secs. 2386, 2388 and 2391, M. A. 
S.) were enacted for this purpose. The vesting a water com- 
missioner with the power of a constable, and imposing upon him 
the duty of prosecuting for violation of his orders, and particu- 
larly the fifth section (2391 M. A. S.), making it his duty 
to be actively employed, supervising and directing putting in 
headgates, waste gates, etc., and acting as a guard of the public 
stream, and especially making it a misdemeanor subject to $50 
fine to willfully neglect this duty, indicates the legislature was 
led to believe that the previous general definition of his duty to 
divide the water according to the prior rights of all, was not 
found in practice sufficiently definite to bring forth the activity 
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needed. Everybody knows that the imposing of a penalty to 
follow a successful prosecution for neglect of duty, is not of 
itself very effective in many matters, because of the reluctance 
of citizens to institute such prosecutions, and of the difficulty of 
obtaining convictions. But the passage of such a statute stiould 
have great influence on faithful officials in calling their attention 
to what is expected of them under their oaths of office. It is 
sometimes unfortunately true that persons in public service are 
less disposed to make active and constant exertion than are those 
in the employ of private persons or companies. It is respectfully 
urged that the water commissioners of this state should each 
and all resolve not to fall into such careless habits, but to re- 
member what is expected and demanded of them by the plain 
language of the law and by their official oaths. ; 
Another duty specially imposed by statute in 1895, which is 
really only ancillary to the duty of apportioning the waters of the 
stream according to the prior rights of all, is that defined in 
Sec. 2384a, Mills’ Supplement. The water commissioner is re- 
quired, on application of the owners of any one or more ditches 
in his district, at once, thoroughly to examine the ditches under 
his supervision to ascertain what use of water is being made by 
consumers. Then if he ascertains the water under any ditch is 
being wasted, or is wastefully, or extravagantly or wrongfully 
used to the injury of other appropriators, he must shut off the 
water supply of such ditch to such extent as in his judgment 
the water was so wasted or otherwise wastefully or wrongfully 
used. As the greater includes the less, it is believed that if a 
ditch owner asks a water commissioner to make an investigation 
of some particular ditch and not of all of the ditches in his dis- 
trict, he should do so either in person or by a deputy. It will be 
noted that the third section of the same act of 1895 (Sec. 2384b, 
Mills’ Supp.) makes it a misdemeanor for any water commis- 
sioner to fail to perform this duty. It may be further observed 
that it is certainly not improper, and in many instances it may 
be the duty of a conscientious official if his attention is in any 
way called, without formal complaint of a ditch owner, to the 
fact that water is being wrongfully and wastefully used under 
some particular ditch in his district, to make the investigation 
on his own initiative and prevent the abuse if he find it is taking 
place. It is further suggested that in any event when a water 
commissioner has reason to believe that any ditch with an early 
priority is demanding more water at a particular time than it 
really needs, or for the purpose of using some water for an im- 
proper purpose to the injury of some junior appropriator, he can 
keep fully within the law by advising the superintendent of irri- 
gation of his belief that investigation of such ditch is necessary, 
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whereupon that official can give him special instruction to make 
the investigation. , 

While the power and duty now being considered is specially 
enjoined by statute and should, whenever necessary, be faith- 
fully and fearlessly performed, it cannot be overlooked, that the 
power is one of a very delicate nature since it reposes very much 
discretion in the water, commissioner, sometimes likely to be 
abused and even with the greatest care liable to result in litiga- 
tion. Each water commissioner should endeavor practically to 
accomplish the end desired by adopting such a course, at least in 
the first instance, as will prevent the waste or extravagance 
complained of or suspected, through the pressure of persuasion 
and advice before resorting to more arbitrary and extreme meas- 
urés. To illustrate: If a water commissioner has good reason 
to believe under some ditch in his district having a large early 
priority, when water is demanded up to the maximum amount 
called for by a decree, that with such delivery of water, a good 
deal is wasted, that the roads under such ditch are flooded, and 
other like indications of wasteful use are brought to his atten- 
tion, it may be the part of wisdom for him, first to approach the 
superintendent or owner of such a ditch, and inform him of his 
reason to believe that the ditch should get along with consider- 
able less water without anybody being injured, call his attention 
to the power and duty thrown upon the water commissioner under 
the statute, and request the superintendent or ditch owner for 
a few days to see how he can get along with a more limited 
supply. It is believed in many cases extravagant use of water, 
particularly that due to carelessness can be prevented, and the 
rights of junior appropriators in this way be protected without 
the water commissioner being compelled to go to considerable 
expense to adopt more rigid and arbitrary methods. However, 
in all cases when the commissioner finds it necessary, he should 
vigorously use all the powers given him by the statute to prevent 
such wasteful use of water. 

Under the general power of distributing water with due 
regard to the prior rights of all, another general topic should 
be treated. So far as it is possible so to do, it should be the aim 
of the water commissioner to use the influence of his office to 
bring about the largest possible production of crops under all 
the ditches in his district. When he finds that crops are becom- 
ing parched and withered under some ditch he can properly seek 
to persuade owners of ditches having senior appropriations, who 
are not in very urgent need of water at the time, to make some 
concessions for the benefit of those in greater need. 

_ In this connection, attention is again called to the early 
legislation of Colorado Territory, whereby commissioners ap- 
pointed by the County Judge were required to apportion water 
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of the stream on alternate days to different localities as they may 
in their judgment think best for the interests of all parties con- 
cerned, and with due regard to the legal rights ofall. Experience 
has shown in distributing water under the larger ditches with 
numerous consumers, at a time when the supply is limited, much 
better results are accomplished by delivering the entire available 
supply alternately, to a fraction of the consumers for one or two 
days, to other consumers, and so on, because with a better head 
of water better results can be obtained in a short time than with 
a small head in a much longer time. The same principle if 
permitted by law could probably be applied successfully in dis- 
tributing water among different ditches when the supply in the 
stream becomes limited. It is, of course, a subject of grave 
doubt as to whether a water commissioner can alternate the 
supply in the manner suggested against the consent of the ditch 
owners affected thereby. But it is suggested, that such consent 
may be obtained in some instances through the exercise of tactful 
suggestions by the water commissioner upon the understanding 
that some benefit will result to the party making the concession, 
by means of a return concession in his favor later on. 

To illustrate: We will suppose that there are two ditches 
each having a capacity of carrying 100 cubic feet per second, 
and that there are no other ditches to interfere with the arrange- 
ment; that ditch A has priority numbers 1 and 3 each for 50 
cubic feet per second; that ditch B has priorities numbers 2 and 
4, each for 50 cubic feet per second, and that the river at the 
particular time under consideration supplies only 100 cubic feet 
per second for the two ditches, we will say for a period of two 
weeks. It is evident under the circumstances stated that a strict 
compliance with the prior rights of the two ditches will give 
each of them 50 cubic feet per second during the time men- 
tioned. Consumers under both ditches under those circumstances 
would derive benefit by authorizing the water commissioner to 
deliver 100 cubic feet per second to ditch A for half the time, 
and 100 cubic feet to ditch B for the remaining half of the time 
or on alternate days. It will be noticed that under this hypo- 
thetical case each ditch will get just as much water as under the 
other plan, but the probabilities are that the same amount of water 
will do very much more good if given in double the quantities for 
half the time. 

The last section of the statute of 1899 confirming temporary 
loans or exchanges of water, was evidently adopted to apply to 
just such a case where two ditch companies themselves get to- 
gether to make such an agreement and notify the water com- 
missioner thereof. But it is here suggested that a water com- 
missioner would be enabled in many instances to accomplish a 
great deal of good by himself taking the initiative and urging 
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the owners of different ditches to enter into such an arrange- 
ment at times of scarcity. He is familiar with conditions in the 
whole district, and can see what ditches can be best helped by 
such an arrangement with justice to all. 

Human nature is such that men can be induced to do things 
by good tact and by persuasion of an official in charge, to which 
they will not submit under arbitrary exercise of power. Naas 
perhaps unnecessary to state, to enable a water commissioner to 
accomplish the best results in the exercise of discretion and the 
use of persuasion, he must have the confidence of the ditch owners 
of his district as an official who is wholly disinterested and, im- 
partial, who is not seeking to aid any particular ditch to the dis- 
advantage of another, but who is conscientiously striving to at- 
tain the best result for all the ditches in his district. To attain 
this confidence, he should have no favorites or pets; he should 
always show his readiness to respect the rights of senior appro- 
priators; he should be vigilant in protecting the stream and all 
its sloughs and tributaries from invasions “of persons who are 
wrong efully taking water therefrom. When owners: of ditches 
with ‘early appropriations have full confidence in a water com- 
missioner, when they know that he has supplied them and is 
ever ready to supply when they really need it with all the water 
to which they are entitled, they will be much more ready at times 
when they are not in such urgent need to forego some of their 
clainted rights at his suggestion for, the benefit. of others whose 
crops are ‘suffering. Under such .circumstances the senior ap- 
propriators will readily acquiesce in suggestions made by water 
commissioners, believing that they will obtain a full equivalent 
for any concession they may temporarily make. 

Another power or duty required of water commissioners 
worthy of some comment, is that mentioned in the fifth and ninth 
sections of the act of 1887 (Secs. 2451, 2455, M. A. S.) . The last 
named sections call for reports to be made by the water com- 
missioners to the superintendent of irrigation as often as required 
by him. It is to be observed that these reports are to contain 
not only the special matters mentioned in the: statute, but also 
further information when called for or suggested by the super- 
intendent of irrigation. A water commissioner has more direct 
and immediate knowledge of the conditions in his own district 
than does the superintendent of irrigation. Without abusing 
his power and in full compliance w ith the spirit of the statute, 
it is proper and desirable that water commissioners shall make 
frequent reports, and as the result of their experience make fre- 
quent suggestions to the superintendent of irrigation so that 
that official can study the whole problem in his ‘whole division 
and make suggestions to other water commissioners he Ipful to 
bring about the best results of husbandry. 
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SUPERINTENDENTS OF IRRIGATION. 
POWERS AND DUTIES UNDER THE STATUTES. 


‘As we have already seen, the division of the irrigated area 
of the state into water districts, each managed by a water com- 
missioner, had its inception in the legislation of the year 1879. 
The creation of larger divisions, ion as water divisions, was 
made in the year 1881 under an act to provide for the appoint- 
ment of a state engineer, etc. Four water divisions were created 
in 1881, and two more in 1889. One was created by proclama- 
tion of the Governor in 1901. There are therefore now seven 
water divisions. 

The office of superintendent of irrigation having general 
supervision over each division was not established until the act 
of April 4, 1887. The first section of that act (Sec. 2447, M 
A. S$.) provides for the appointment of superintendents of irri- 
gation for each water division, with proviso that the Governor 
shall not appoint such official for any division until the Board of 
County Commissioners of some county included therein shall 
have adopted a resolution requesting such appointment. 

The duties of superintendent are defined in the act. The 
second section (Sec. 2448, M. A. S.) was as follows: 

“Said superintendent of irrigation shall have general control over 
the water commissioners of the several districts within his divisions He 
shall, under the general supervision of the state engineer, execute the 
laws of the state relative to the distribution of water in accordance with 
the rights of priority of appropriation, as established by judicial de- 


crees, and perform such other functions as may be assigned to him by 
the state engineer.” 


The third section (Sec. 2449, M. A. S.) provides that the 
superintendent of irrigation shall be governed by the statutes, 
and to better discharge his duties he is authorized to make other 
regulations to secure equal and fair distribution of water in his 
division in accordance with the rights of priority of appropria- 
tion, which regulations adopted by the superintendent shall be 
merely supplemental to and in aid of the general statutory pro- 
visions. 

The fourth section (Sec. 2450, M. A. S.) gives the right of 
appeal to the state engineer from any order or regulation from 
the superintendent of irrigation. 

The fifth section (2451, M. A. S.) requires the superin- 
tendent of irrigation to commence the discharge of his duties 
when the first water commissioner in his district is called out, 
and to continue to perform the same until the last commissioner 
therein ceases to be needed. It also provides for reports from 
water commissioners to the superintendent as heretofore noted. 

The seventh section (Sec. 2453, M. A. S.) requires each 
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superintendent of irrigation within thirty days after his appoint- 
ment, to send to the Clerk of the District Court in all counties 
in his division having jurisdiction over the adjudication of pri- 
orities, a notification of his appointment, and requesting a cer- 
tified copy of every decree of the District Court establishing pri- 
orities of appropriations of water used for irrigation purposes. 
It is made the duty of such clerk to transmit such certified copy 
to the superintendents of irrigation, and that official is then re- 
quired to cause to be prepared a register of priorities of appro- 
priation of water for his division, based upon such decrees. He 
is then required to prepare a list of all the ditches, canals and 
reservoirs within his division, arranging the same in consecutive 
order according to the dates of appropriations in the whole di- 
vision, and without regard to their number in each water district 
alone. He is also required to make a tabulated statement of all 
ditches, canals and reservoirs in his division, to whom such pri- 
orities have been decreed, containing in separate columns, 

(a) The name of the ditch, canal or reservoir. 

(b) (Its number in the division. 

(c) The district in which it is situated. 

(d) Its number in its proper district. 


(e) The number of cubic feet per second to which it is entitled 
under each priority. 


(f) Such other and further information as he may deem useful. 

The 8th section (Sec. 2454, M. A. S.) gives the superin- 
tendent of irrigation power to call out any water commissioner 
in his division at any time he may deem it necessary; also power 
to perform the regular duties of the water commissioner in all 
districts in his division. 

The oth section Gt the act of 1887-( Sec. 2455, Nia oe) 
provides that all water commissioners in the division shall report 
to the superintendent of irrigation. The contents of said report 
have heretofore been referred to in discussing the powers and 
duties of water commissioners. In addition to the matters de- 
tailed in the statute, the superintendent of irrigation is authorized 
to call for such other and further information as he may suggest. 
Said official is required to file such reports, to ascertain how 
water is being distributed, and if as the result of the division 
into districts, ditches are deprived of water to which they are 
entitled in the division as a whole by some junior ditch in one 
district receiving water when a senior ditch in another district 
which can be supplied with the same water is not receiving its 
proper supply, then it is the duty of the superintendent to at 
once order the post-dated ditch, canal or reservoir to be deprived 
of supply so that the water will run down to the older ditch 
in the other district. This section specially enjoins upon’ the 
superintendent of irrigation to make orders to enforce the pri- 
orities of appropriation according to his tabulated statement of 
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priorities for the whole division, without reference to the district 
lines. The reports of water commissioners to the superintendent 
are required to be filed in the office of the state engineer. 

In the roth section (Sec. 2456, M. A. S.) it is provided 
that when the owner of any ditch, canal or reservoir in any dis- 
trict within the division fails to receive the regular supply of 
water to which he ts entitled, its owner or manager may report 
the same to the water commissioner, and that official, if he finds 
it necessary, shall report by wire to the superintendent of irri- 
gation, and said last named official shall thereupon, if he finds 
he can give such ditch, canal or reservoir a supply at the expense 
of a latter priority in another district, to enter orders accord- 
ingly. 

In 1go1 there was passed an act in relation to irrigation, 
found in Session Laws of 1901, pages 193 to 196. 

Under the rst section (p. 193), when the owner of any irri- 
gation structure taking water from any stream fails to erect or 
maintain in good repair a suitable and proper headgate and 
measuring flumes or weirs at its point of intake, together with 
necessary embankments therefor so as to control the water at 
all ordinary stages, the superintendent of irrigation (or the state 
engineer), after giving ten days’ written notice, is required to 
refuse to deliver to the owner of such irrigation structure any 
water until such owner shall erect or repair the headgate and 
measuring flumes. 

The 2nd section (p. 194) pertains to the maintenance of 
measuring flumes or weirs to determine the amount and volume 
of water turned into one stream from another, or from a reservoir 
or ditch into a public stream to be again rediverted. When the 
owners of a ditch or reservoir so used fail and neglect to erect 
suitable and proper measuring flumes or weirs for the purpose 
mentioned, it is made the duty of the superintendent of irriga- 
tion (or the state engineer), after five days’ written notice, to 
refuse to allow any water to be taken out from a public stream in 
exchange for water so turned into the same until the owner shall 
cause to be erected or repaired such flumes or weirs, both at 
the point of delivery to the stream and at the point of delivery 
of taking from the stream. 

The 3rd section of the act (p. 194) requires the superin- 
tendent of irrigation (or the state engineer) to rate the measur- 
ing flume and weir referred to in first and second sections, and to 
supply the water commissioner of the district where such measur- 
ing flumes or weirs are located with a rating table to be used 
in measuring water. 

The sth section (p. 195) provides that all headgates and 
measuring weirs used in connection with any irrigation struc- 
ture to measure and deliver water therefrom and thereto, shall 
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at all times be under the supervision and control of the irrigation 
officers of the state. 
The 6th section (pp. 195-6) pertains principally to the dut 
of the owner of a reservoir situated upon or in the bed of any 
natural stream, to cause a survey to be made of the reservoir 
with contour lines for every vertical foot in depth, to be properly 
rated by the state engineer. In case of the owner failing to do 
what is required, the superintendent of irrigation (or the state 
engineer) is directed to refuse to permit the use of such reservoir. 


COMMENTS ON THE POWERS AND DUTIES OF SUPERINTENDENTS 
OF IRRIGATION. 


Evidently this office was created to relieve the state engineer 
of duties which otherwise might have been too onerous. It was 
deemed proper by the legislative department of the government 
to have a special officer in general charge of all the water com- 
missioners in a single division. The duties of a superintendent 
of irrigation plainly arrange themselves into two classes. First, 
the duty to protect senior priorities irrespective of district limits; 
second, to exercise general supervisory control over all water 
commissioners in their ordinary discharge of duties. We will 
discuss these two powers separately. 

Ist. The power to enforce senior priorities from a main 
stream as against junior priorities from a tributary of such stream 
in a different water district, is absolutely necessary to carry out 
the doctrine of priority of appropriation, since the water of a 
main stream is practically the result of accretions from its tribu- 
taries. Before the enactment of the statute of 1887, there was no 
proper machinery through the regular water officials to enforce 
this requirement of the law. Even after the enactment of the 
statute, little was done until the matter received consideration 
by the Supreme Court in 1896. It is true that prior to that time, 
in the case of Strickler vs. Colorado Springs, 16 Colo. 61, re- 
ported in 1891, the Supreme Court had declared that any differ- 
ent doctrine would wipe out the principle of priorities upon which 
our whole system is based. As said by Judge Hayt in that case, 
”’To say now that an appropriator from the main stream is sub- 
ject to subsequent appropriation from its tributaries would be 
the overthrow of the entire doctrine.” 

Still it was not until the decision of the Supreme Court in 
the case of The Farmers Independent Ditch Company vs. The 
Agricultural Ditch Company, 22 Colo. 513, handed down May 
18, 1896, that the legislation of 1887 had judicial construction. 


In that case the court, by Chief Justice Hayt, used the following 
language: | 
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: “The legislature, by the act of 1887, has attempted to solve the 
difficulty by providing an officer and making it his duty to distribute 
water according to the decrees rendered, without reference to the water 
district in which such decrees are to be found. As we have said, the 
act does not attempt to make such decrees conclusive as between the 
various districts, but, in effect, it provides that until the courts shall 
determine otherwise in some appropriate proceeding, the superintendent 
shall treat the decrees as prima facie correct and distribute water ac- 
cordingly. We believe this regulation is fairly within the police power 
of the state, as defined in the case of White v. The High Line C. & R. 
Co., supra, and that it violates no constitutional provision; the effect 
being only to require the distribution of water in a certain way until 
such time as the rights of the parties can be definitely ascertained 
and adjudicated.” 


Again, in the case of The Lower Latham Ditch Company 
vs. The Louden Irrigation Canal Company, decided March 5, 
1900, reported in 60 Pac. Rep. 629, it was held that the plaintiff 
having priorities in water district No. 2 from the South Platte 
river was entitled to a decree requiring the water officials to 
protect its priority, if necessary, at the expense of junior pri- 
orities, from the Big Thompson river, in water district No. 4. 
In view of the rule of priority in time giving the better 
right, the statutes and the tudicial decisions, it must now be 
regarded as beyond controversy that one of the principal duties 
of the superintendent of irrigation is, without fear or favor, to 
issue such orders as will enforce senior rights in one district, 
when they cannot otherwise be supplied, by cutting down the 
supply of junior rights in other districts on tributary streams. 
In connection with this duty of a superintendent of irriga- 
tion some discretion must be exercised in determining to wlt 
particular water commissioner orders shall be directed, wkre 
there are many tributaries supplying the same main stream,“av- 
ing in view the location of the particular ditch needing felief, 
and the location of junior ditches from which its needsinay be 
supplied. The prime duty of the superintendent is # furnish 
water to the senior appropriator in the main stream/needing it. 
It may be that such senior appropriator is needing water at a 
time when thirty different juniors are enjoying water under 
several tributaries of the main stream and in several districts. 
In theory, the latest appropriation should be tbe first cut down, 
but if, in fact, that appropriator is forty or fifty miles away, and 
another junior is within a few miles, relfef‘can best be given by 
depriving the junior on the nearest tributary. In practice,. the 
latter course usually will be found to be/necessary. The super- 
intendent in such cases may be able to supply the needs of the 
senior appropriator by reducing to some extent a large number of 
juniors, thereby interfering less violently with the regular dis- 
tribution of any particular district. E 
Another matter worthy of special note in this connection 
which must be considered by the superintendent of irrigation, 
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grows out of natural conditions. The writer was informed that 
on one occasion older ditches in the vicinity of the town of Ster- 
ling, in Logan County, were needing water when junior ditches 
in Morgan County were fairly well supplied, and that a large 
amount of water, by order of the superintendent of irrigation, 
was shut out of the junior ditches and required to run into the 
South Platte river in the month of July or August, when the 
heat was very great and there was very little water in the main 
stream, and it was found that all, or nearly all of the water thus 
taken from the junior ditches was lost by evaporation and other- 
wise in the sand beds of the South Platte river. In that particular 
instance, as reported, it was found practically impossible to supply 
the senior ditch. In Igo01 another test was made in the same 
locality, resulting in large increase of supply, it is claimed, to 
ditches near Sterling. It is here suggested that in all such cases 
the superintendent of irrigation should not hastily jump to con- 
clusions, but should in perfect good faith endeavor to supply 
the senior appropriator, and not refrain from so doing until 
convinced that natural conditions render it practically impossible. 

2nd. The remaining class of duties devolving on a super- 
intendent of irrigation pertain to his general control over the 
water commissioners in his division, his duty to execute the laws 
pertaining to distribution and in so doing to make rules and regu- 
lations, to carry on correspondence with all his water commis- 
sioners, and, at times, if necessary, actively to discharge the 
duties of a water commissioner. All suggestions made concern- 
lg the duties of water commissioners apply equally to superin- 
tetdents of irrigation. If the superintendent keeps up a constant 
and active correspondence with all commissioners in his division 
and hakes frequent suggestions to them concerning the proper 
discharze of their duties, he can be a great aid in reducing the 
whole werk of his division to a more perfect system. By such 
correspondance he can learn how thoroughly each commissioner 
1S discharging his duties; if complaints are made to him of in- 
efficiency of Srvice in some district, he can give the water com- 
missioner thereof.the benefit of .his knowledge as to the more 
efficient conduct oi some other water commissioner in another 
district. If suggestions by correspondence fail to remedy negli- 
gence or inefficient discharge of duty in some particular water 
district, he can, if he sees fit, himself perform the duties of water 
commissioner in that district for a short time, and thus by per- 
sonal example give the water commissioner full knowledge of 
what is expected of him. The power conferred on superintend- 
ents of irrigation to obtain information from water commis- 
sioners on any subject pertaining to irrigation in his division 
as he may suggest, enables a braitiy superintendent who desires 
to use the entire power of his office'to improve and perfect the 


THE DIstRIBUTION OF WATER. 25 


system, to do much in that direction, to become a center from 
which radiates an energy and an influence which will make him- 
self a potent factor in the perfection of the system, whereby the 
purpose and intent of the law will be carried out, and the best 
interests of the state and its agriculture be subserved. 

Water commissioners and superintendents of irrigation, in 
carrying out the orders of the state engineer, and in aiding that 
official in the discharge of his duties, also will improve the ef- 
ficiency of the system as a whole. 

Incidental to all the other duties of a superintendent of irri- 
gation there should not pass unnoticed his importance as a peace- 
maker and settler of petty disputes, which may arise in his di- 
vision and the several districts thereof. Much unnecessary liti- 
gation doubtless has been and hereafter will be prevented by super- 
intendents of irrigation on the line here suggested. A visit of 
that official to a water district in which a commissioner is having 
serious trouble and disputes with ditch owners has a wholesome 
influence leading to amicable adjustment of such controversies. 

It has sometimes been believed that the office of the superin- 
tendent of irrigation was somewhat superfluous. Persons in- 
clined to that view have taken the position that the state engineer, 
as the general center of authority and supervision of all water 
districts, would be sufficient. Development of agriculture and 
irrigation is such, however, and the other duties of the state 
engineer necessarily take so much of his time and attention that 
it would be difficult, if not practically impossible for any state 
engineer, however capable, fully to discharge the duties of all 
the superintendents of irrigation without being compelled to 
neglect other important duties of his office. 

It is believed by the writer hereof that if the superintendents 
‘of irrigation constantly devote themselves to a study of the water 
distribution in their respective divisions and to the thorough 
and efficient discharge of all of the duties of their offices, both 
advisory, administrative, appellate, and corresponding, they can 
constantly be employed and become important factors in improv- 
ing the water service of the state. 


CHE SLATESENGINEER. 
POWERS AND DUTIES WITH REFERENCE TO IRRIGATION MATTERS. 


In 1881 an act was passed providing for the appointment 
of a state engineer in Colorado and of his assistants, and for the 
establishment of water divisions. (Sess. Laws 1881, pp. 119 to 
122). The first five sections of the act cover the matter of 
water divisions, and the remaining seven sections had reference 
to the office of state engineer or “state hydraulic engineer,’ and 
his duties. The last seven sections were repealed upon the en- 
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actment of a new statute on the subject in the year 1889. The 
original act (Sec. 6) gave the state engineer supervision over the 
water commissioners of the different water districts in the state. 
In section seven the state engineer was required to make careful 
measurements and calculations of the maximum and minimum 
flow of water in each natural stream from which irrigation ditches 
took their supply; also to collect facts and make report as to the 
system of storage reservoirs, and to keep full records of his 
work, observations and calculations. The tenth section required 
the state engineer to prepare and render yearly, and oftener if 
required, full reports to the Governor. The eleventh section re- 
quired the state engineer, on request of any interested party, 
on payment of his expenses, to measure and ascertain the capacity 
of any ditch, canal or reservoir thereafter constructed or en- 
larged, and to give an official certificate concerning the same. 
The twelfth section provided that the owners of any ditch, canal 
or reservoir having decreed water priorities should construct 
and maintain, under supervision of the state engineer, measuring 
weirs to measure in cubic feet per second water at the headgate 
of such ditch, canal or reservoir, or as near thereto as practicable, 
and the state engineer was required to arrange in tabular form 
a computation showing the amount of water that would pass 
such weir in cubic feet per second at different stages or height 
of water therein, and to furnish copy thereof to the water com- 
missioner interested. 

The act approved March 30, 1889, pertaining to state 
engineer, repealed the last seven sections of the act of 1881, and 
in lieu thereof adopted eleven new sections still in force. This 
change removed all the qualifications formerly required. In the 
original act “no person shall be appointed as such hydraulic 
engineer who is not known to have such theoretical knowledge 
and practical skill and experience as shall fit him for the position.” 

The Ist section (Sec. 2458, M. A. S.) concerned the ap- 
pointment and qualifications of the state engineer and other like 
matters. 

The 2nd section (Sec-2450, M. A. S)) gives the state 
engineer general specific control over the public waters of the 
state; requires him to make careful measurements of the flow 
of the public streams of the state from which water is diverted 
and to compute the discharge; also to collect data and informa- 
tion pertaining to the location, size, cost and capacity of dams 
and reservoirs to be constructed, similar data concerning the 
feasibility and construction of reservoirs on eligible sites on 
which he may obtain information; also data and information 
regarding the snowfall in the mountains each season to predict 
the probable flow of the water in the streams. 

The 3rd section (Sec. 2460, M. A. S.) requires the state 
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engineer to approve plans and designs for construction and right 
of way of all dams or reservoir embankments in the state ex- 
ceeding ten feet in vertical height. 

The 4th section (Sec. 2461, M. A. S.) gives the state en- 
gineer general charge over the work of water superintendents 
and water commissioners, requires him to furnish them with all 
data and information necessary for the intelligent discharge of 
their official duties. It also requires the superintendents of irri- 
gation and water commissioners to report to the state engineer 
at suitable times, and especially to make annual statements on 
blanks furnished by him of the amount of water diverted from 
public streams under their control and other statistics which he 
deems of benefit to the state. 

The 5th section (Sec. 2462, M. A. S.) pertains to the duty 
of the state engineer, on the request of any party interested, on 
payment of his expenses, to appoint a deputy to compute and 
measure any canal, dam or reservoir or any construction of like 
nature. 

The 7th section provides for the appointment of deputies 
by the state engineer, under his control, and for whose official 
actions he shall be responsible. 

The oth section (Sec. 2466, M. A. S.) enables the state 
engineer to request the owners of any ditch having decreed pri- 
orities to construct and maintain under his supervision measuring 
weirs at or near the head of such ditch, canal or reservoir. The 
state engineer is required to compute and arrange in tabular 
form any statement concerning the amount of water that will 
flow through such a weir at different stages, and furnish a 
copy thereof to any superintendent or commissioner having 
control. 

The roth section (Sec. 2467, M. A. S.) makes a cubic foot 
per second a unit of measurement of flowing water, and a cubic 
foot the unit of measurement of volume. 

The 11th section (Sec. 2468, My A. S.) requires: the state 
engineer to prepare a full report of his work bi-ennially and to 
deliver the same to the Governor to be laid before the general 
assembly. 

We have already noted that the fourth section of the act of 
April 4, 1887 (Sec. 2450, M. A. S.) gives the right of appeal 
to the state engineer from any order or regulation made by any 
- superintendent of irrigation. 

In 1897 an act was passed to provide for and to regulate the 
exchange of water between reservoirs and ditches and the public 
streams. (Sess. Laws of 1897, pp. 176-7.) 

The rst section requires the state engineer to determine 
what reasonable deduction shall be made for seepage and evapor- 
ation when a person or company shall divert water from one 
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public stream into another and gS divert it from the latter 
stream. 

The 2nd section requires any person or company so trans- 
ferring water from one public stream to another to construct 
and maintain, under the direction of the state engineer, measur- 
ing flumes or weirs and self-registering devices where the water 
leaves its natural watershed and is turned into another, and also 
where it is diverted for use from the public stream. 

In the 3rd section it is made the duty of the water commis- 
sioner of the district where the water is used, to keep a record of 
the water so turned into his district. 

The 4th section permits, without injury to others, the 
owner of a reservoir to deliver storage water either into a ditch 
or into a public stream to supply early appropriations, and in ex- 
change therefor to take from the public stream higher up an 
equal amount of water, with deduction for loss, if any, to be 
determined by the state engineer. The same section requires 
the person or company desiring such exchange to construct and 
maintain, under the direction of the state engineer, measuring 
flumes or weirs and self-registering devices at the. point where 
the water is turned into the stream or ditch, so that the water 
commissioner may readily determine and secure a just and equit- 
able exchange. 

In 1899, an Act in Relation to Irrigation, adopted, had spe- 
cial reference to the matter of changing the point of diversion 
by an appropriator when it can be made without injury to the 
prior rights of others, and a judicial consideration in advance 
of the proposed change. In connection with the procedure, the 
state engineer is to receive and file a copy of the map and decree 
permitting the exchange, and thereupon to issue a notice to the 
water commissioner in charge, notifying him of the change. 
(Sess. Laws of 1890, p1236, See.c2=) 

Also in the year 1899 an act was passed in relation to reser- 
yoirs;: (Sess2Laws of 1800, pp. 3hatoiai7) 

The Ist section provides that no reservoir of a capacity 
of more than 75,000,000 cubic, feet, or having a dam or embank- 
ment in excess of ten feet in vertical height, and covering more 
than twenty acres shall thereafter be constructed, unless plans 
and specifications therefor shall first be approved by the state 
engineer. The state engineer is required to act as consulting 
engineer during the construction of oar reservoir, with authority 
to require the “work to be done to his satisfaction. A written 
statement concerning the work of construction and the com- 
pletion thereof to his satisfaction must be given by the state 
engineer specifying the dimensions and capacity of the reservoir. 

The 2nd section provides for the expenses of the state 
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engineer, and a per diem for his services to be paid by the reservoir 
owner. 

The 3rd section requires the state engineer annually to de- 
termine the amount of water which it is safe to impound in the 
several reservoirs within the state. It is made unlawful for the 
owner of any reservoir to store therein water in excess of the 
amount determined by the state enginer to be safe. 

The 4th section makes it the duty of the water commissioner 
to withdraw from any reservoir any water impounded therein 
in excess of the amount determined by the state engineer to be 
safe, and to prevent the reservoir to be refilled beyond the limit 
fixed. 

The 5th section makes it the duty of the state engineer, 
when complaint is made to him by persons so located as to be 
in danger if the embankment of a reservoir should break, that 
the reservoir is in an unsafe condition, or being filled so as to 
render it unsafe, to make an examination of the reservoir and 
determine the amount of water which can be safely impounded 
therein. If on such examination he finds the.reservoir unsafe, 
or being filled so as to render it unsafe, he shall cause water to 
be drawn off to such an extent as to render the same safe and 
prevent further storage of water beyond what he considers the 
safety limit. 

The section enables the state engineer to use any force 
necessary to perform the duties previously mentioned. It is also 
made the duty of a water commissioner in such case, if an at- 
tempt should be made to refill the reservoir, to act as provided 
in the fourth section. 

The 7th section provides for compensation to the state en- 
gineer for mileage and other expenses incurred in making ex- 
amination. 

The 8th section provides for an appeal to the court from 
any decision of the state engineer in such matters, but with 
the proviso that the decision of the state engineer shall control 
until the case is finally disposed of in the courts. 

The oth section provides for owners of reservoirs being re- 
sponsible for all damages in case of breakage. 

The roth section provides that any reservoir company which 
after ten days’ written notice has been given, fails to obey the 
directions of the state engineer with reference to the construc- 
tion or filling of any reservoir, shall be subject to a fine of fifty 
dollars for each offense, and each day’s continuance after the 
time of notice has expired shall be considered as a separate 
offense. 

In addition to the duties required of the state engineer on 
the general subject of irrigation, distribution of water, etc., above 
referred to, many statutes have been passed requiring that of- 
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ficial be a member of divers boards of control of sundry internal 
improvements, to perform important services about state canals, 
with reference to desert land entries, and many other similar 
matters not pertinent to this paper except as showing how much 
of the time of the state engineer is necessarily invaded by other 
duties besides the important ones above indicated. 

An act in relation to irrigation, passed in 1901, has been 
referred to at the close of the statement of powers and duties of 
superintendents of irrigation. All the powers conferred upon 
superintendents of irrigation by that act are also conferred upon 
state engineers. The sixth section of said act of 1901 (pp. 
195-6) makes it especially the duty of the state engineer, on the 
request of the owner of a reservoir situated upon or in the bed 
of a natural stream, at the expense of the owners thereof, to 
cause a complete survey of the contour lines of said reservoir 
to be made for each vertical foot in depth, and also when he 
deems it necessary of fractions of a foot; also to prepare a table 
showing the number of cubic feet capacity of said reservoir for 
each foot in depth and fractions thereof, and to place a gauge 
rod in said reservoir, marked in correspondence with the contour 
lines. In event the owner fails to cause said survey, etc., to be 
made, it is made the duty of the state engineer to refuse to per- 
mit the reservoir to be used until such survey, etc., is made. 


COMMENTS ON POWERS AND DUTIES OF THE STATE ENGINEER. 


The mere recapitulation of the functions of the state engineer 
as the head of the system of irrigation and distribution of the 
state, his supervisory control of all water commissioners and 
superintendents of irrigation, his appellate jurisdiction over sub- 
ordinate officials, his special duties with reference to the measure- 
ment of canals and reservoirs, his supervision and control over 
the construction of reservoirs, his duty to provide for Self- 
registering devices in many instances, is sufficient of itself to 
make plain the responsibility of his office. 

It is plainly within the intent and purpose of the statute that 
the state engineer must devote considerable time to a thorough 
study of the whole system of irrigation distribution of the state. 
In that connection he must become familiar with the work of the 
several superintendents of irrigation, and satisfy himself that 
they are properly performing the duties by law of them required. 
This also applies to the reports of the several water commis- 
sioners. As the state engineer is required to be a man of pro- 
fessional ability as an irrigation engineer, his advice and sug- 
gestions to superintendents of irrigation and water commis- 
sioners should be of special helpfulness. The result of his study 
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should enable him in his reports to make suggestions to the 
Governor, and thereby indirectly to the legislature on any de- 
sirable change in the law from time to time. His office has al- 
ways been, and ever should be, of special importance in 
perfecting the efficiency of the official water service of the state. 

The state engineer should insist on obedience to the statute 
law by persons constructing reservoirs, and by those who desire 
to exchange water between reservoirs and public streams, or to 
turn water from one public stream into another. Since the water 
commissioners are under the control of the state engineer, it is 
believed that it is within his power to direct water commissioners 
to refuse to recognize the rights of persons to divert water which 
is turned into a public stream from some other source of supply, 
unless the statute concerning self-registering devices and other 
legal requirements are complied with. The purpose of the 
statute is that exact justice may be done. The person who adds 
to the amount of water in a running stream by turning water 
therein from another stream or from a reservoir, should certainly 
be entitled to again draw the same amount of water from the 
stream as a just reward for his enterprise and capital invested. 
But. on the other hand, every safeguard against abuse of this 
privilege, and to prevent the diversion to the injury of regular 
appropriators from the stream of a greater amount of water 
than is supplied thereto, after proper allowance is made for inci- 
dental losses, should be rigidly enforced. 

Special comment should be made with reference to the im- 
portance of measuring weirs at the headgates or canals. It 1s 
unfortunately true and well known that when many of the decrees 
concerning priorities were rendered by the courts, sufficient care 
was not taken to have correct measurements made, whereby any 
ditches were decreed priorities really in excess of their carrying 
capacity. When for a large number of years it has been shown 
by experience, and as the result of careful measurement, that a 
ditch has not carried and cannot carry the amount provided in 
the decrees, sufficient data will be collected to prevent the subse- 
quent enlargement of such ditch to enable it for the first time 
to carry the maximum mentioned in the decree, and thereby in- 
juriously to affect the rights of junior appropriators. More- 
over, such measuring weirs are of great value and aid to the water 
commissioners in distributing and apportioning the water at 
times of scarcity, and when ditches having several priorities 
limited to one or more of their earlier ones. 
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PASTURE GRASSES FOR THE ARKANSAS 
VALEEEX: 


BYeer. He GRIER EN: 


For years there has been considerable inquiry in re- 
gard to pasture grasses for this valley. The farmer is of. 
ten heard to remark ‘‘I wish I could get something on which 
to pasture a cow, this alfalfa is so dangerous.” 

Almost since the establishment of the substation pas- 
ture grasses have been tested for their adaptability to this 
section, but one of which has been reported upon in bulle- 
tin form, viz: Bromus inermis in Bulletin 61. 

The behavior of other grasses has been reported from 
time to time in the annual reports but this information is 
not generally accessible to the public. 

Enough data has now been obtained in regard to the 
adaptability of all of the most important grasses, to warrant 
publication. 

The theory of permanent pastures is a very fine one. 
Farmers are more and more giving up the idea on lands 
under irrigation. I believe the farmer can get more feed 
and much greater returns from the land in a regular rota- 
tion of crops. One acre of alfalfa cut and properly fed will 
keep an animal the year round. With pastures, much more 
land must be devoted to one animal. 

It will not pay the small farmer to devote much land to 
pasture. There are others having larger farms who do not 
look so closely to the return per acre, who do desire some 
grass for stock pasture. Often there are waste lands or 
tree claims that can be devoted to pasture. 

The first work in testing grasses was done in 18o1. 
Mr. Huntley, then superintendent, reports on these in the 
annual report of the Experiment Station for 1894 as fol- 
lows: 

“Based upon trials of three years’ duration, but two grasses out 
of eight tried, have given promise of enduring field culture for pasture. 
They are Bromus and Orchard grass. The unsuccessful ones were, 
Hard Fescue, Meadow Fescue, Perennial Rye grass, Italian Rye grass, 
Red Top and Blue grass. It is quite probable some of these would suc- 
ceed in moist soils of other localities in the state.”’ 
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The report for 1895 mentions only the Bromus and Or- 
chard grass as making good showing that season. 

The varieties tested in addition to those above mention- 
ed since the writer took charge in 1898 are, the Tall Oat 
grass and Meadow Fescue ( Festuca elatzor) sometimes call- 
ed English Blue grass. 

Bromus inermis has been quite extensively reported 
upon in Bulletin 61 and the reader is referred to it for in- 
formation. It may be said that the results in 1901 confirm 
the report made of it in bulletin 61. 

Orchard grass, Tall Meadow Fescue, Tall Oat grass 
and Blue grass comprise the list of grasses that may be 
profitably grown here for pasture. 


ORCHARD GRASS. (Dactylzs glomerata.) 


This grass is uniformly successful in the Arkansas val- 
ley, whether sown on the dry uplands, in timber claims or 
in moister lands. It is a tall grass growing in clumps but 
is valuable for either pasture or hay. It may be sown 
profitably with alfalfa. It matures with the first crop and 
would improve the quality of the hay for feeding horses. 

This grass is easily started and does not need nursing 
to get it established; it resists drouth and hot weather 
well. It is one of the first things to appear in the spring. 
When pastured off, it soon starts growing again. 

Owing to its nature to grow in tussocks, it is advisable 
to sow some other grass with it to occupy the intervening 
spaces. Either the Tall Oat grass or the Tall Fescue is 
adapted to the purpose, preferably the latter. 

Orchard grass, like many others here, does not fail to 
grow some during the hot weather. It also stands irriga- 
tion well, not becoming sod bound. 

About 25 pounds of seed per acre should be sown. 


TALL MEADOW FESCUE. (Festuca elatzor.) 


This grass is sometimes called English Blue grass. In 
ordering the seed of this grass it must not be confounded * 
with another grass called Meadow Fescue (/. pradenszs) ‘in 
the catalogues. pala kia? 

The latter kind has never been successful at the station. 

Tall Fescue has not been under trial so long as the Or- 
chard grass but its value has been fully demonstrated to the 
uplands of this section. It forms a thick vegetation and is 
$0 persistent as to gradually thicken up; the seed shoot 
growing about two feet in height. 

oe from the Kansas Experiment Station speak 
well Of it. 
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It iS a valuable grass in the Arkansas Valley; alone, or 
in combination with others. 
i. Sow about 25 pounds of seed per acre. 


TALL OAT GRASS. (Avena elatior.) 


This grass is largely grown in the southern states where 
it is highly valued. 

It does well in this valley but does better if sown in 
mixture with Orchard grass. It has been difficult to get a 
good stand of this grass owing to the poor germinating 
power of the seed. 

This grass will remain partially green nearly all winter 
and will commence growth very early in spring. 

All reports of this grass with which 1 am familiar give 
it very high nutritive qualities. At least two bushels of seed 
should be sown per acre. 


KENTUCKY BLUE GRASS. ( Poa pratensis.) 


Climate has much to do with pasture grasses. It isa 
well known fact that Blue grass cannot stand hard use and 
long continued dry hot weather. It is said ‘‘whoever has 
limestone land has Blue grass,’’ and while we have plenty 
of lime in the soils of this section, yet Blue grass cannot be 
relied upon for pasture, owing to the vast amount of irriga- 
tion it requires to keep it thrifty. Nearly everyone is aware 
how much irrigation this grass requires when it is grown for 
lawn, which is sufficient demonstration that under but few 
conditions can it be relied upon for pasture. 

Lands having considerable clay or adobe with an abun- 
dant water supply will produce this grass in sufficient quan- 
tity to make good pasture. But put under conditions where 
it must withstand drouth it will perish ata time when Or- 
chard grass or Tall Fescue would be in good condition. 

In most instances it will require considerable nursing 
to secure a stand and it is only when ornament and _ utility 
are both desired that it is advisable to grow Blue grass for 


pasture. 
RED Top. (Agrostis vulgaris.) 


This grass has not been a success on the dry upland 
soils of the station. 

I see no reason why this grass should not succeed upon 
some of the moist low lands and sub-irrigated lands of this 
valley. The writer has seen this grass succeed in other lo- 
calities under similar climatic and soil conditions to those 


above mentioned. 
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TimoTHy. (Phleum pratense.) 


Timothy is not a success on the uplands and it can hard- 
ly be said to be on any lands in the valley. rele 
I do not believe the returns will warrant sowing it at all. 


WHEN TO SOW GRASS SEED. 


There are two times of year only when grass seed may 
be sown with good success in this country, viz: March and 
August. 

By sowing in the former month, the grass gets a start 
before the weeds come on to choke it out and besides it 
will sometimes get the benefit of April storms. 

In many respects August is the preferable time to sow. 
There are no weeds or foreign grass to ’choke the young 
grass. The weather becomes cooler and damper and the 
young plant receives the benefit of summer rains that usual- 
ly occur. 

The plant gets well established before winter and starts 
the next spring strong and vigorous to take possession of 
the land. 

If sown in August, the farmer may take a grain crop 
from the land previous to sowing, but if the grass is sown 
in the spring the season is lost for anything but the grass. 


FALL SEEDING OF ALFALFA. 


Sometimes conditions of crops and labor are such that 
the farmer wishes to sow alfalfa in the fall. He wishes to 
know if it may be done with impunity. 

In the first week of September 18098 the station sowed 
three acres to alfalfa. This was just preceeding the severe 
winter of 1898-99 in which the thermometer registered -32°. 

good rain came soon after the seed was sown and the 
seed came up nicely, the plants getting about two inches 
high when winter set in. A few spots died out during the 
winter but the greater part of it stood the extreme cold 
weather well. 

The weather conditions that winter were the worst ever 
recorded in this country and the results seem to indicate 
that alfalfa may be sown in August or early September 
with impunity. ; 

__ The rules given for the sowing of grass seed hold good 
in regard to the sowing of alfalfa seed. 


LEGUMINOUS CROPS FOR THE ARKANSAS 
VALLEY, 


BYs HE) GRIPE EN: 


For three seasons the sub-station has been testing le- 
guminous plants to ascertain what may be expected of them 
in this valley. The main object has been fertility, but in- 
cidentally their value for forage, for bees and mulch or 
cover crops for the soil. 

The plants under investigation are the Serradella, Red 
Clover, Cow pea, Field pea, Soy bean and Hairy vetch. 


SERRADELLA. (Ovuzthopus sativus.) 


The Station failed to secure a single plant of this 
legume. The writer has seen other trials in the arid region 
with this plant but has never seen them successful. The 
plant does not seem to be adapted to arid conditions. 


RED CLOVER. (77ifolcum pratense.) 


This legume does not thrive under our arid conditions. 
However, in old orchards where there is partial shade, or 
in open fields where the soil is rather heavy and water 
supply abundant, some success may be secured with Red 
Clover. 

To be of much value as a fertilizing plant it must occupy 
the land for at least three years and as there is not much 
revenue from it in the interim, it becomes an expensive 
plant to grow for field fertilizing. 

The only place for which we can recommend it at all 
is old orchards and it is doubtful whether it is advisable to 
use there, as there are other plants better adapted to our 


conditions. 
cow PEA. (Vzgna catjang.) 


This is a valuable plant for the Arkansas Valley. The 
Station has tested the Whipporwill, Black, Clay and New 
Era varieties. The former we consider the most desirable 
owing to its upright growth. This variety will ripen if 
sown as late as the last of May. 

As high as two tons of hay per acre have been cut on 
jand devoted to this plant, besides leaving a considerable 
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quantity of vegetation to be incorporated with the soil. 
The roots are well supplied with tubercles. It will produce 
from 6 to 10 bushels of seed per acre, which is relished by 
poultry or hogs, and about two tons of hay. | 

The New Era variety will mature seed in about one 
month less time than the Whipporwill and may meet a 
demand for late sowing in orchards. It does not grow 
nearly so rank as the Whipporwill. ; 

This plant should be sown in drills from 22 to 32 inches 
apart. The work may be done by a grain or beet drill. 
One or two early cultivations should be given, after which 
it will cover the ground. This plant can be sown as late as 
the first of July where intended only for fertilizing purposes. 
It is a splendid plant to sow in orchards to relieve the trees 
from the reflection of the sun in late summer, winter and 
early spring, after which it may be plowed under as a 
fertilizer. 

Two plats, one-tenth acre each, that produced Cow peas 
in 1900, were devoted to the growth of beets in 1901. The 
peas were cut with a mower so that only the roots and 
stubble remained to plow under. Two plats of the same 
size that had never been fertilized, and which had grown 
crops similar to those on which the Cew peas were sown, 
were planted to beets also for comparison. Both plats 
were given the same treatment. The plats on which the 
Cow peas had been grown yielded 16 tons per acre, the 
other plats yielded 12.5 tons per acre. That the nitrogen 
supply was augmented by the growth of the peas was 
apparent from the color and vigor of the beet tops. 


THE FIELD PEA. (P2sum arvense.) 


The Field pea does fairly well at Rocky Ford if sown 
very early in spring, so that its growth may be made before 
the approach of hot weather. 

The seed should be sown the latter part of March. 
The peas will ripen the first week in July. 

The vield on the Station grounds in 1901 was 22 bushels 
from two acres. The yield in 1899 was at the rate of 16 
bushels of seed per acre. In addition to the yield of grain 
there was produced at least 3 tons of splendid feed on the 
two acres. The above returns are only medium, for in 
neither case were the conditions such as to give the best 
returns 

The variety grown in 1899 was the “Mummy;’ that 
grown in 1901 was the ‘‘Marrowfat.” I consider either of 
them preferable to the Canada pea for this section. 
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This pea may be sown with oats early in the spring; the 
product cut for hay late in June and the ground devoted to 
some other nitrogen gathering crop for the remainder of 
the season. 

From 100 to 120 pounds of seed should be used per 
acre. I think the most desirable way to cover the seed is to 
plow it under. 


THE SOY BEAN. (Glycine hispida.) 


The Soy bean is an upright, bushy, leafy plant growing 
about 3 feet high and requiring about 100 days to mature. 

The station has grown the Early Yellow and the Me- 
dium Early Green. 

The bean of this plant is extremely rich in protein and 
is especially desirable for combining with corn or sugar beets 
for pork production. When utilized this way no threshing 
is required. 

The Kansas Experiment station has made some exten- 
sive experiments with Soy beans in combination with other 
foods (especially Kaffir-corn) for feeding pigs. The results 
are reported in Bulletin 95, and show a gain of 96 per cent. 
by the substitution of one-fifth Soy bean meal td a Kaffr- 
corn ration. . 

This plant resists drouth well; the Kansas stationclaims 
it is fully equal to Kaffir-corn or sorghum in this respect. — 

The Soy bean may profitably be grown under many 
ditches with scant water supply, in place of corn, especially 
if the soil is rather light and needs improving in fertility. 

The seed should be sown with a grain or beet drill 
about the middle of May, putting the rows from 22 to 32 
inches apart. About 40 pounds of seed per acre is required. 
The yield ranges from 10 to 25 bushels per acre. The har- 
vesting should be done before the pods begin to turn yellow 
or great loss will ensue from the popping open of the pods. 
But one crop can be grown in one season on land devoted 
to this bean, owing to the time required to mature it. 

Land devoted to Soy beans in tgoo and planted to sugar 
beets in raor. gave as high as 6 tons greater vield than ad- 
jacent land having no fertilizer applied. 


HAIRY VETCH. (V2eza vzllosa.) 


Hairy Vetch is known as Sand, Winter, or Russiar 
Vetch. . 
Some of the farmers of the Arkansas Valley have ex 
pressed their desire fora plant that may be sown in the fall, 
after taking a crop from the land, and make sufficient growth 
to turn under in the spring, thus adding fertility to the soil. 
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Hairy Vetch meets this demand admirably. It will 
make growth in this valley during all but the severest part 
of the winter. It makes its poorest showing during the heat 
of summer. For this reason it is preferable to sow in late 
summer or fall. 

The station has secured good results from sowing as 
late as October first. 

In one instance the seed lay in the soil over winter and 
germinated with the first approach of spring; the plants pro- 
duced seed in July, but of course the results are not so good 
as where the plants become well established before winter. 

The Hairy Vetch will thrive on the lightest kind of 
sandy soils and where sown in the fall, will keep such lands 
from blowing during the spring months, afterwards adding 
a vast amount of humus and fertility to them. The roots 
are bountifully supplied with tubercles. If this plant is sown 
in early September it will produce a considerable growth to 
plow under in April or May, or if allowed to ripen will doso 
in early July. It will bloom, about the middle of May and 
from that time on until it ripens is a vast profusion of 
bloom. Bees frequent it in great numbers, seeming to do 
so to the exclusion of most other plants. Early fall sowing 
makes splendid pasture during April and May, and if the 
plant is started in the summer it will furnish pasture in Feb- 
ruary or March. 

Six-sevenths of an acre was sown to this seed, August 11, 
1899. By May 12, 1900, it stood two feet high and com- 
menced to bloom. The seed was ripe the first week in July, 
at which time it was cut. 

The yield of straw was 3000 pounds, which yielded 400 
pounds of seed. July 26, the same land was prepared by a 
disc harrow and watered, and from the seed that scattered 
off, a good stand of the vetch was secured, which was allow- 
ed to grow until April 1901, when it was plowed under and 
the land seeded to beets. 

Two acres near by were given a dressing of ten loads of 
sheep manure per acre and one acre was left without man- 
ure as a check. 

_ The tops of the beets on the vetch land grew rank and 
thrifty, having the dark healthy green and much of the ap- 
pearance of beets on alfalfa land. 

The results show a heavier yield than was obtained 
from the use of manure and as much as 50 per cent, increase 
over the land not fertilized. 

Trials in 1901 show further, that the vetch may be sown 


with oats and be cut with them for hay in July, after which 
it will produce seed. 
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This plant may be sown in orchards late in summer and 
make a splendid cover crop to overcome reflection from the 
snow in winter and early spring, after which it may be plow- 
ed under, adding much fertility to the soil. 

The plant is easily destroyed and in no sense will be- 
come a nuisance. 

It is already apparent that the farmers of the Arkansas 
Valley must fertilize and rotate crops if success is to be ob- 
tained. The larger farms are being more and more cut up 
into smaller ones. 

On small farms alfalfa cannot be grown to advantage; 
it takes too long to get it established and after it is well es- 
tablished, it is difficult to eradicate. 

The small farmer should get the best possible results 
from his farm, and if leguminous crops can be so combined 
that he may take two crops from the same land in one year, 
they will be of profit to him. 

The following outline will briefly show how some of the 
crops above mentioned may be combined as fertilizers: 
Field peas may be sown early in spring with oats and cut 
for hay the latter part of June. The ground may then be 
planted to Mexican beans. ; 

Field peas may be sown early and allowed to ripen seed, 
after which the land may be devoted to Cow-peas which 
may be either turned under or cut for hay. 

Hairy Vetch may be sown in the fall and plowed under 
in the following spring. Mexican beans or Cow-peas may 
follow it. ; 

Cow-peas may be sown quite early in the spring and 
cut for hay, after which the land may be sown to vetch and 
the growth turned under the following spring. 

By some such system of cropping as outlined above, the 
farmer can make his supply of yard manure do much greater 
service. 

The above mentioned crops will enter nicely into a 3 or 
4 year rotation with cantaloupes, beets or tomatoes. 


CANTALOUPE BLIGHT IN 1901. 
BY H. H GRIFFIN. 


Bulletin No. 62, gave full information of our results 
looking to the control of the cantaloupe blight, closing with 
the season of 1900. 

The work in 1901 was planned as follows: To treat the 
seed with Bordeaux mixture to control the blight; to de- 
termine at what stage of growth the spraying should be done 
to be most efficient 

The work attempted on the station grounds was destroy- 
ed by a hailstorm the 24th day of July. Some knowledge 
was gained of the efficacy of early spraying in a field be- 
longing toa Mr. Dixon. Hehad sprayed one part of his 
field twice and another part three times. The first spray- 
ing was done when the vines had started to run slightly. 
The second spraying was done about the time the melons 
were setting on the vines, the third about the time 
picking for market commenced. 

At the time I saw the field (first of September) there 
was a marked difference in the vines in the two lots. Those 
sprayed early (hence had the three sprayings) were in much 
the better condition, and Mr. Dixon said the melons were 
of better quality. Mr. Dixon has used the Bordeaux spray 
for two seasons and is very enthusiastic over the benefits to 
be derived from its use for control of cantaloupe blight. 

Another field’that was given one spraying late in July, 
was thrifty and bearing splendid melons (August 26) when 
fields across the fence had been abandoned for ten days, 
both fields having produced melons the previous year. 

The sprayed field was also near two fields of melons 
growing on alfalfa sod that about September first were ap- 
parently in the best of condition. By Sept. 18th, the fields 
on the alfalfa sod were almost destroyed by the blight, 
while the sprayed field remained in quite good condition 
and was yielding melons of good quality. The sprayed 
field of 14 acres, yielded 3300 crates of marketable melons 
Mr. Crum, the owner, after two years’ trial of the spray, is 
well pleased with the results. 

After the destruction of the vines on the station grounds 
a part of an adjoining field was sprayed. This had been 
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heavily manured with sheep manure and was planted the 
last of May. The work was done July 30th, at which 
time the vines were almost covering the ground. 

About the 25th of August, the blight was making rapid 
progress in all melon fields. The benefit derived from the 
spraying in this field was especially well marked. About 
Sept. 1, the unsprayed vines were giving up fully twice as 
many melons per day as the sprayed vines. The latter 
were ripening somewhat as they would under normal con- 
ditions, but the others, both vine and fruit, were deterior- 
ating rapidly. 

A portion of a field on the station that was planted the 
first of June, and which recuperated after the hail, was 
given two sprayings, one late in September and again about 
ten days after. The results confirm the results given else- 
where in regard to the efficacy of the Bordeaux for the 
control of the blight. 

That nothing but fresh lime should be used in the 
preparation of the Bordeaux was especially emphasized in 
this work. We used some air slaked lime, as it happened 
to be at hand, and a portion of the vines were badly injured 
by the spray, giving them much the appearance of a bad 
case of blight. There was one significant feature of this, 
the vines that were apparently badly injured by the spray 
recuperated and looked well afterwards, while those at- 
tacked by blight grew worse. 

There is evidence that the blight is more than a local 
trouble. The writer happened to visit some melon fields in 
the vicinity of Brighton, about September first, and there 
saw the blight doing serious injury. Reports and specimens 
of melon leaves sent me from Grand Junction indicate that 
the disease is well established there. The observations of 
this year verify those of last year in that the disease is well 
distributed over the entire Arkansas valley. Both the 
farmers and the shipping agents realize that the trouble is a 
serious one and are considering its consequences. ‘That 
the trouble was only temporary is no longer held as a 
tenable opinion, but rather one demanding such treatment 
as will lessen its ravages. 

The weather conditions have been the most favorable 
for a study of the disease of any I have ever had in that it 
was more of a typical season. Two of the former seasons 
were extremely wet during july and August and that of 
1900 was very dry. The rain of the last season was moderate 
in amount and well distributed. Two features were promi- 
nently brought out this year. Oné was to avoid the use of 
any heating manure previous to planting melons and the 
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other was the necessity for rotation of other crops with 
cantaloupes. A comparison of cantaloupe fields in close 
proximity, some of which were on alfalfa sod, some on grain 
land and others on cantaloupe ground, revealed the great 
benefits to be derived from the use of the alfalfa land. 
Land that had been in melons for a number of years showed 
the blight in about the same ratio as the number of years to 
which the land had been cropped to melons. Heating 
sheen manure is especially undesirable to precede melons. 

I had under observation, this year, one field in which 
the seed had been planted March 28. April 18 the seed was 
practically in the same condition as when planted. April 27 
the seed was irrigated; many of the seed sprouted but no 
plants up. May 8 some of the plants were up and had the 
third leaf, others were just coming up, while about one-third 
of the field had to be replanted. The first ripe melon 
was taken July 27. 

Comparing this field with others the conclusion can be 
aptly drawn that had the planting been done one month 
later the results would have been fully as good, if not 
better Last Spring was one of the most favorable of 
springs for extremely early planting. 
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PLANT DISEASES 
OF 1901. 


By WENDELL PADDOCK. 


INTRODUCTION. 


A brief account is given in the following pages of some of the 
plant diseases which have come to our attention during the past 
season. Only a few of these were brought to our notice by corre- 
spondents, and it is the purpose of this bulletin to stimulate a 
greater interest in the subject, for it is reasonable to suppose that 
these pests of our crops will increase in Colorado as they have done in 
older States. By prompt attention many of them may be overcome 
or controlled. Ina State so large as ours it is impossible for one - 
or two men, with the time at our disposal, to visit very many differ- 
ent localities. It is, therefore, desirable in the interest of all that 
any untoward condition of crops, be it due either to insects or fungi, 
should be reported to the Experiment Station. Specimens of the 
affected plants should in all cases accompany the report. 

Now a word as to the,nature of plant diseases. This term is 
commonly applied to a class of plants known as fungi, and some- 
times to the result of unfavorable soil or atmospheric condi- 
tions, but rarely to insect attacks. The following pages have 
to do mostly with fungi. These plants are low in the scale 
of development and are mostly of microscopic size, though 
some of them, as toad stools and puff balls, are familiar 
objects. Plants of this class are unable to take nourishment 
from the soil, consequently they must live on food that has been 
prepared by other plants. Many of them live on decaying vegetable 
matter, but others are true parasites, attacking live plants and thus 
becoming of economic importance. These tiny plants have organs 
that correspond to the roots, branches and seeds of higher plants. 

The seed-like organs or spores, go through a process of germi- 
nation much the same as a grain of corn. Being so small they are 
readily borne about by the wind and when they chance to fall on 
the kind of plant to which the fungus is adapted—its host plant— 
and the conditions are favorable for germination, the fungus readily 
gains a foothold. 
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It has been found that spores are unable to germinate in the 
presence of small amounts of copper, and advantage is taken of this 
fact when plants are sprayed with Bordeaux mixture. The copper 
in the mixture protects plants, hence the better the spraying is done 
the more complete is the protection. The fact that Bordeaux is not 
a cure should be borne in mind, and to be a successful preventive it 
must be applied before the spores are disseminated. 

Fungi that live in the soil and attack the roots of plants are not 
dependent on spores as a means of dissemination. The root-like 
organs, or hyphe, spread through the soil from plant to plant, or 
they may be distributed by the cultivator or other means. With 
root diseases the treatment is more complicated, since there is usually 
no way of telling that a plant is affected until it is past recovery. 
A systematic rotation of crops is often of help in keeping annual and 
biennial plants healthy, but with orchards little can be done after 
the trees are attacked. Good care in every respect will be a great 
aid in keeping the trees free from disease. 

Many of the fungi which produce disease in plants are invisible 
to the unaided eye, hence they are apt to be regarded as something 
mysterious and the effects are often ascribed to other causes. The 
action of climate, altitude, winter injury, alkali and water are often 
mistaken for the effects of attacks of fungi. For example, the potato 
failures in the vicinity of Fort Collins have long been thought to be 
due entirely to peculiar conditions of soil and climate, notwith- 
standing the fact that the famous Greeley potato district les only 
twenty miles east and in the same altitude. Experiments conducted 
at this station during the past year prove that the lack of success is 
due primarily to root diseases which thrive much better in our 
heavy soil than in the lighter and better drained soils in the potato 
district. The fact that we have occasional successes here is no doubt 
largely due to planting clean seed in soil that is free from disease, 
or the conditions are not suitable for the best development of the 
fungi during certain seasons. 


APPLE TREE ROOT ROT. 


The presence of an unusual amount of yellow foliage on fruit 
trees last spring attracted attention in various localities in Northern 
Colorado. It is a well known fact that too much water will produce 
yellow foliage, and this is the cause that is commonly thought to be 
accountable for this condition. As the leaves usually regain their 
normal color before the close of the season but little attention is 
given to the subject. An unusual amount of rain in the early sum- 
mer was probably the cause of this general appearance of yellow 
foliage, but many fruit growers have noticed that occasional trees 
are affected in this manner year after year and finally die without 
any apparent cause, while adjacent trees remain healthy. It is not 
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Winter injury of apple trees induced by peculiar soil conditions. 


PLATE Ill. 


Blackberry roots injured by Rhizoctonia. Natural size. 


Puant Diskases or 1901. 5 


uncommon for such trees to die in the latter part of summer, when 
the fruit and foliage wither and cling to the dead branches. Such 
trees are usually comparatively loose in the soil, in fact, some of 
them may be tipped over while they are yet alive. Upon examina- 
tion the larger roots will be found to be in an advanced stage of 
decay, and the feeding roots finally become so reduced that there 
are not enough left to support the tree. 

Certain fungi are constantly associated with the diseased roots, 
and it is probable that they are ultimately responsible for the death 
of the tree. Asa result of numerous examinations, it was found that 
these same fungi also attack the roots of trees that are apparently 
healthy. Now it is easy to conceive that these diseases may live on 
the roots of a tree for a number of years without doing much harm, 
but as soon as the tree is weakened from any cause the fungus makes 
rapid advance. 

Trees that take on yellow foliage from overirrigation suffer a 
temporary check in growth, from which they apparently recover in 
a short time. But if this is repeated year after year the ultimate 
effect must be very injurious. A wet, heavy soil, however, produces 
ideal conditions for the growth of root destroying fungi which appear 
to be abundant in our State, and when a favorable opportunity 
occurs they become destructive. 

Winter injuries, which result in sun scald, black heart, freezing 
of the roots and dry freezing of both roots and branches, are potent 
causes of the weakening of the vitality of trees in some sections of 
theState. Trees may be injured in some one of the above ways and 
yet not show any marked indication that anything is wrong. 

A good deal of damage is also done to fruit trees by the attacks 
of wooly aphis, which are abundant in many localities. They 
increase rapidly if Jeft undisturbed, and the greater portion of the 
root system may soon be infested. These conditions result in serious 
injury and trees may even be ruined by such attacks. Root fungi 
are not slow to take advantage of the enfeebled roots, and it is likely 
that in many instances they rapidly extend these injuries. 

In some localities the natural drainage of the soil is poor, and 
it is evident that too much water is being used in irrigating. Ina 
number of orchards visited the level of the water in the soil had 
been raised till the lower roots of the trees were apparently sur- 
rounded by a saturated soil most of the time. This is particularly true 
of small orchards, where the owners grow small fruits or truck crops 
between the rows to supplement the income from the orchard. Root 
fungi thrive remarkably well under these conditions, and the com- 
bination of causes is doing no small amount of damage. One orch- 
ard came under my observation where all of the trees on an area of 
about two acres had been ruined. (See Plate [.). Another orch- 
ardist reports a yearly loss of about 25 out of an orchard of 1,000 
trees. Instances of this kind might easily be multiplied. 
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That the trees are injured by water under these circumstances 
cannot be doubted, since no agricultural plant can thrive in a sat- 
urated soil. We have not yet demonstrated the exact relation which 
fungi bear to this condition, but it is evident that they play an 
important part in the destruction of the trees. Certain species are 
usually found on the roots of diseased trees and attacking healthy 
tissue. Moreover, young trees have been known to be killed in one 
season, apparently by root rot, when planted in the places from 
which dead trees had been removed. 

This subject is a most perplexing and important one, and one 
that is as yet but little understood. We expect, however, to make it 
one of the principal lines of investigation of this Section for the 
coming season. In the meantime certain sanitary measures may be 
mentioned that might well be observed by many orchardists. 

When it becomes evident that too much water is being used in 
irrigating, as is indicated by yellow foliage, or by the raising of the 
level of the water in the soil, more use might well be made of the culti- 
vator. By keeping the surface of the soil loose much of the water 
is prevented from evaporating, thus lessening the necessity of fre- 
quent irrigation. The trees should be kept in a thrifty condition, 
and yet not allowed to make a rapid growth, which produces soft 
tissues that easily succumb to attacks of blight. On some soils it 
may be best to keep the orchard seeded to alfalfa, but usnally better 
results will follow a systematic use of cover crops. The many 
advantages to be derived from the use of cover crops cannot be dis- 
cussed here, but with this system of cultivation some crop is sown in 
the orchard in late summer or early fall which is plowed under the 
next spring. Mr. Griffin has found that the best leguminous plant 
for this purpose at Rockyford is hairy vetch. (See Bulletin No. 68 
of this Station). Since this plant is one of the nitrogen gatherers it 
may not be advisable to use it on all soils; in such cases winter rye 
may be used instead. In localities where the attacks of blight are 
severe, it may be advisable not to plow the crop under till late in 
the spring and thus avoid a rapid early growth of new wood. 


APPLE TREE ROSETTE. 


A peculiar condition of apple trees was brought to our attention 
on Rogers Mesa in Delta county by the Horticultural Inspector. 
More or less of the trouble occurs in a number of orchards in this 
locality, consequently it is a matter of considerable interest in the 
county. Some of the trees are dying, while there are a number of 
dead limbs on others, but the characteristic feature of the disease is 
a tuft or rosette of small leaves at the end of branches that are other- 
wise nearly bare of foliage. (See Plate II.). The similarity of this 
condition to the peach tree rosette, a common disease in portions of 
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the Southeast, was so great that the presence of a new apple tree 
disease was suspected. 


I visited this section in July and collected numerous specimens». 
but no parasitic organism could be detected by laboratory investiga- 
tion. Later on Mr. C. H. Potter visited some of these orchards and. 
made valuable observations on the soil formation. I visited the 
locality again in September in company with Dr. Headden, and asa 
result of our observations and study, together with the experience of 
the fruit growers, we arrived at the following conclusions: 

Much of the soil on the Mesa contains an excess of marl and in 
many places this substance forms a solid substratum. At the edge 
of one orchard visited the owner was digging and burning it to make 
a cement to be used in mason work. The marl in itself is, perhaps, 
not harmful to plants; in fact, when judiciously applied to land it 
acts as a liberator of plant food, but when present in excess the soil 
is infertile. This is shown by the fact that when roots penetrate the 
marl substratum they send out few or no fibrous roots. The roots 
do not usually penetrate this substratum to any extent, consequently 
the trees are often shallow-rooted in orchards where the layer of mar} 
is close to the surface. The level of the lowest roots on one dying 
tree was only ten inches below the surface of the soil. At this depth 
they branched out horizontally, where they were readily injured by 
lack of moisture and by the action of frost. But a more immediate 
cause for this condition of the trees is found in the water supply. 
Water is plentiful during the early part of the season, but in the 
latter part of June the supply has usually been exhausted. The 
nature of the soil is such that it readily dries out and the trees suffer 
for moisture, consequently growth stops and the tissues harden. In 
the latter part of July a partial supply of water is again turned into: 
the ditches and the orchards are irrigated. The result is that?in 
many instances these trees make a distinct second growth which is 
immature when cold weather comes on. Those branches which are 
not killed outright but are severely injured during the winter put. 
forth a feeble growth the following spring. The end bud, usually 
being the strongest, lives at the expense of the others, consequently 
many of the side buds soon die if they start into growth at all, and 
the terminal one develops a contracted branch on which the leaves 
are crowded, thus forming the rosette. 


Second growth is not always necessary, however, for the appear~ 
ance of this disease. Shallow-rooted trees planted in a soil that is 
quickly dried out are easily injured during the winter. This prob- 
ably accounts for the fact that the disease first attracted general 
attention after the hard winter of 1898-99. 

One orchard was visited in which a small number of diseased 
branches had appeared, but which had been promptly removed or 
severely cut back early in the spring. At this date, October 5, the 
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trees appeared to be perfectly healthy and had made a vigorous 
growth which showed no sign of disease. This experiment tends to 
contirm the conclusion that the difficulty is due to iocal conditions 
and not to a specific organism which might spread to other portions 
of the valley. 

Apparently the same difficulty is figured and described in a 
recent *California bulletin in which the author ascribes the cause to 
the presence of alkalies in the soil. He states that apple trees are 
injured “by 1,200 pounds of carbonate and 3,000 pounds of common 
salt per acre distributed through four feet depth.” 

The particular soil on Rogers Mesa that was examined con- 
tained 1,820 pounds of common salt per acre taken to a depth of 
one foot. While this is a much larger amount of salt than the trees 
are said to be able to endure in California, most of the trees do not 
show any sign of the affection, though they have been planted nine 
years. This statement is confined to the first foot of soil, because it 
is doubtful if there is any portion of the orchard where the soil is 
four feet deep. Moreover, the subsoil is a marl into which the 
trees had thrown very few roots. 

The amount of sodic carbonate in this soil was not determined. 
However, we have had occasion to observe a nursery that was estab- 
lished in a soil in which the sodic carbonate content was determined 
and found to be 2,800 pounds per acre, taken to a depth of four feet. 
The trees made an excellent growth for three years and showed no 
sign of the rosette affection. 

While these observations do not prove that this condition of 
apple trees may not be produced by the action of alkalies, they 
point to the conclusion that such an effect is improbable under our 
conditions. 


Treatment.—Apple trees should not be planted on ‘soil where 
the marl substratum comes close to the surface, as it will result in 
shallow-rooted trees with its attendant evils. In other portions of 
the district an attempt should be made to make the soil deeper and 
to add to it substance and fiber. Many Colorado soils are deficient 
in vegetable matter, consequently they become compact and dry out 
rapidly. Depth may be gained by plowing deeply before the orch- 
ard is planted, and vegetable matter added by turning under strawy 
stable manure or green manure. For the latter purpose some form 
of clover, vetch or rye may be used, preferably in the form of a cover 
crop, which should be sown in the latter part of summer and plowed 
under during the following spring. If water for fall irrigating is 
available the crop will make growth sufficient to afford considerable 
protection to the roots against the action of frost and from drying 
out by winter winds. Finally, by a judicious use of water, of which 


*Laughridge, R. H. “Tolerance of Alkali by Vari a: i i 
Tee ore Bue ali by Various Cultures.” Calif. Agri. 
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PLATE IV. 


Fig. 1. Cherry tree injured by mound parasite. 
Fig. 2. Detail of apple limbs shown in Plate II. 


PLATE V. 


Fig. 1. Spore pustules of rust fungus on branch of Asparagus. Enlarged. 
Fig. Aster killed by Fusarium. 


Fig. 


oo 1 


Raspberry leaves curling at edges. The result of an attack of Rhizoc- 
tonia on the roots. 
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an abundance is promised the Mesa for the coming season, it is not 
likely that this disease will be very injurious on soils that are of suf- 
ficient depth to make suitable orchard land. 


APPLE INJURY FROM SPRAYING WITH BORDEAUX 
MIXTURE. 


Complaints were received from correspondents at Canon City 
and Montrose that spraying with Bordeaux mixture had seriously 
injured the fruit of certain varieties of apple trees. The injury pro- 
duced is well shown in the illustration in Plate VIII., Fig. 3, which is 
from a photograph of a Ben Davis apple that is so disfigured as to be 
unsalable. This variety appears to be very susceptible to such 
injury, though a number of other kinds were injured more or less. 
All degree of disfigurement occurred, from a slight russeting of the 
skin to the malformation shown in the figure. 

That the corrosive action of Bordeaux mixture is responsible for 
this condition there can be no doubt. The subject has attracted con- 
siderable attention in the Eastern States, where it has been found 
that such injuries are much more common in some seasons than in 
others. Just what the conditions are that favor this action of the 
mixture have not been determined and the subject is still in an 
experimental stage. This is particularly true of the arid regions, 
since fungicides are just beginning to be used here on fruit trees. 

In the light of our present knowledge, it can only be recom- 
mended that great care be taken to see that the mixture is properly 
made. The formula on a subsequent page has been found to be suf- 
ficiently strong for combating fruit-tree diseases as they occur in other 
States. Further experience with spraying in Colorado may show 
the necessity of modifying the formula to suit our conditions. And, 
finally, Bordeaux mixture should not be used unless it is needed. 
In the vicinity of Canon City it is said that the bitter rot of apples 
is abundant and the orchardists sprayed their trees with the mixture 
for the purpose of combating this disease. But in the majority of 
the fruit growing districts apple trees are not yet affected to any 
extent by such plant diseases as can be controlled with Bordeaux 


mixture. 


BLACKBERRY ROOT DISEASE. 
(Rhizoctonia. Sp.) 


There was a noticeable amount of light green or yellowish foli- 
age on the blackberry and raspberry plants in the College plantation 
last spring, which did not regain its normal color. Later in the 
season leaves on occasional plants began to curl and shrivel as 
though suffering for moisture,and some of the plants died. Appar- 
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ently healthy plants exhibited this latter symptom. (See Plate V., Fig. 
3). Upon examination, the bushes were found to be attacked by a 
root fungus which is closely related to the one which is so destruct- 
ive to potatoes. (See Bulletin No. 70 of this Station). All parts of 
the plant below ground were attacked, but the greatest injury 
occurred on the canes above the crown. Here, as shown in the illustra- 
tion in Plate III., the bark was discolored and shrunken from the 
crown to the surface of the soil, or a short distance above. The fungus 
grows on and within the bark, destroying the tissues, and thus inter- 
fering with the movement of plant food. The injury commonly 
extends around the cane, and when it becomes deep enough to cut 
off the supply of moisture and food, the plant dies. 


The presence of the yellowish foliage was probably due to a 
badly diseased root system at the beginning of the season. An 
excess of moisture in the early part of the season was favorable to 
the growth of the fungus, which made rapid inroads on the plant’s 
vitality. That they were poorly nourished, was indicated by the 
yellow appearance of the leaves. 

The drying up of leaves on apparently healthy canes may have 
been due to a vigorous attack of the fungus which, because of favor- 
able conditions, was able to seriously injure the plant in a short 
time. 

This fungus, Rhizoctonia, is destructive to a great variety of 
plants, and it is widely distributed in the State. There are possibly 
several species of the fungus, which may be destructive to different 
plants. Little is known about the disease, and some investigators 
regard it as a sterile fungus, or one that produces no spores. But 
our investigations indicate that Rhizoctonia is but a stage in the 


development of a fungus of which some species are well known under 
another name. 


There is no way of curing diseased plants, nor a practical 
means of preventing the disease from spreading after it makes its 
appearance in a plantation. It is a wise precaution to destroy all 
affected plants, but even this severe measure will not rid the soil 
of the fungus. New plants filled in such vacancies are liable to be- 
come diseased in a short time. It has not been determined how 
long the fungus will persist in the soil, but a new plantation should 


not be set on land where diseased plants have stood for at least four 
years. 


It is undoubtedly the same fungus which attacks both black- 


berries and raspberries, hence raspberries should not be set on land 
where diseased blackberries have recently been grown, or vice versa. 


Finally, when setting a new plantation, great care should be 


taken to get plants from stock that is known to be free from the 
disease. 
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CHERRY TREE WOUND PARASITE. 


Mr. Hankins, Horticultural Inspector for Larimer County, called 
my attention to a disease of cherry trees in an orchard at Berthoud, 
where about fifty trees in a young orchard of sour cherries had been 
destroyed. All of the badly diseased trees then remaining were 
found to be injured on the trunks, similar to those shown in the il- 
lustration in Plate IV., Fig. 1. Large areas of bark had been 
destroyed which were still clinging tenaciously to the wood. The 
larger wounds were conspicuous, and when the dead bark was re- 
moved, as shown in the figure on the left, it was plain that these 
injuries were the cause of the death of the trees. In some instances, 
the trees were nearly girdled, but where the injury was of less ex- 
tent, the loss of the bark, together with the drying out of the ex- 
posed wood, had interfered with the nutrition enough to kill the 
tree. All other parts were in normal condition. 


The owner informed me that the orchard had been neglected 
and the trees bruised by careless hands while it was in charge of a 
renter. It is hkely that such wounds afforded entrance to some 
fungus which belongs to a class known as wound parasites. These 
fungi are unable to penetrate living bark, but when they gain ac- 
cess to the tissues through a wound they are able to entend the in- 
jury. On examining closely, an abundance of white nypha was 
found beneath the dead bark, but what part the fungus took in the 
injury, if any, has not been determined. 

Some neglected trees in the vicinity of Fort Collins were found 
which showed similar symptoms. These trees had been torn by 
wind and bruised by hail, thus producing wounds through which 
fungi could enter readily. 

The loss of trees in the younger orchard would probably not 
have occurred if greater pains had been taken in cultivating. When 
wounds are accidentally or necessarily made they should immedi- 
ately be protected by a coat of thick paint or grafting wax. By tak- 
ing such precautions it is not likely that this disease of cherry trees 
will cause much damage. 


ASPARAGUS RUST. 


(Puccinia asparagi). 


A portion of an asparagus plant, as shown in Plate V., Fig. 1, 
affected with rust, was received in October from a gentleman at 
Rockyford. This is probably the first time that this fungus has 
been reported from this State, and while it has done but little 
damage as yet, its presence here is of importance, as it has done a 
large amount of injury to asparagus plantations in other States. In 
some localities, where many-acres of asparagus were formerly grown, 
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the crop has been practically abandoned because of the ravages of 
this disease. 

The fungus has three stages in its development which appear 
at different times during the season. The form which usually 
attracts attention first comes on the canes rather late in the season, 
when numerous dark brown -pustules are pushed out through the 
bark. These pustules are composed of masses of spores, as are also 
the dark streaks and patches of a still later stage, which also form 
on the canes. 

These last spores remain on the brush or fall to the ground, 
where they are ready to spread the disease by attacking the new 
shoots the following season. The fungus lives within the tissues of 
the plant, and where badly affected the plant is so weakened that 
but little food is stored for the succeeding crop. This results in a 
reduced yield, and if the disease is not checked the bed becomes un- 
profitable and many of the plants are killed. 

By way of prevention it has been suggested that the tops of the 
plants be cut off and burned early in the fall before the spores fall 
to the ground. This method has the disadvantage, however, of be- 
ing injurious to the plants, as in order to be effective the tops 
must be removed before the plants are matured. This process may 
injure the plants nearly as much as the fungus. 

* Sirrine reports flattering results in combating the disease on 
Long Island by spraying with a resin-Bordeaux mixture. (See 
formulas). He expresses doubt, however, whether this method 
will always pay, since the applications must be frequent and 
very thorough, thus involving considerable expense. In these expe- 
riments from three to five sprayings were given, beginning in July 
after the cutting season was over. In the case of small beds it will 


no doubt be a better plan to destroy the plants and start anew on 
uninfested soil. 


ASTER WILT. 
(Fusarium. Sp.) 


The asters on the College campus were nearly all destroyed last 
season by a species of Fusarium. (See Plate V., Fig. 2). The 
plants appeared vigorous and gave promise of abundant bloom up 
to the time the blossoms were beginning to open, when many of 
them began to wilt and in a few days were dead. In no instance, 
so far as noticed, were isolated plants affected; in some beds all of 
ene were killed, while in others only those in certain areas 
died. 

On examination the stalks were found to be discolored for a 
space of one to three or four inches above the surface of the ground. 


*N. Y. State Agr. Expt. Sta. Bul. 188. 
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The light pink spore masses of the fungus were very abundant on 
this area. It is likely that the disease was in the soil when the 
plants were set out and that it gained access to the plants through 
the crown or upper roots, as the root system was also badly diseased. 

The fungus grows within the tissues and absorbs the nourish- 
ment of the plant. Finally the communication between root and 
top becomes obstructed by the collapse of cells and the filling up of 
the passages by the fungus hypha. 

The only remedy that can be suggested for this disease, since 
the fungus lives in the ground, is to replace the soil in the beds with 
fresh earth. This would be practicable only with small beds. But 
it is possible that the soil can be freed of the fungus by taking 
certain sanitary precautions. Such measures would consist, first, in 
burning all diseased plants as soon as they are detected, thus pre- 
venting further dissemination of spores; second, asters should not be 
grown for two or three years in beds where the disease has appeared; 
the fungus will probably be starved out during this time. 


CURRANT CANE DISEASE. 
(Nectria cinnabarina). 


Currant bushes in the vicinity of Fort Collins are seriously 
affected by a fungus which attacks the canes. It is especially severe 
on neglected bushes in back yards, but the College plantation, which 
has always been given good care, was so badly diseased that it was 
thought best to destroy it. The fungus was also found in an active 
condition on gooseberry bushes that stood in adjoining rows. 

Yellow foliage and dying canes are characteristics of this dis- 
ease, which often occur on a bush where a portion of the plant 
appears healthy. As is common with some other plant diseases, 
many of the canes die after the fruit becomes of considerable size 
and both fruit and foliage shrivel and cling to the stems. Badly 
diseased plants are frequently killed. The reproductive bodies of 
the fungus occur in great abundance on the dead canes in the form 
of brick-red masses or tubercles, which are shown natural size in 
Plate VI., Fig. 2. 

* Spraying with fungicides is not likely to prove practical as a 
preventive of this trouble, as spores may be produced at any time 
during the season. All that can be done is to remove the entire 
plant and burn it as soon as any part shows evidence of the disease. 
If allowed to lie on the ground the affected parts may mature spores 
and spread the disease to other plants. It has been determined that 
the fungus lives from year to year within the tissues of the currant 
plant, and that a plant may be infested for some time without show- 


*Durand, E. J. Cornell Univ. Agri. Expt. Sta. Bul. 125. 
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ing any evidence of disease. Therefore cuttings should not be taken 
from a plantation in which this fungus has appeared. 


GRAPE ANTHRACNOSE. 
(Sphaceloma ampelinum. De By.) 


During the month of June the grape vines in the College vine- 
yard were found to be seriously diseased with anthracnose as is 
shown in the illustration in Plate VII. Numerous dark colored pits 
or depressions occurred on the young canes and on the stems of the 
leaves and fruit clusters. Many of the spots grew into each other 
as the disease progressed, thus forming continuous depressions which 
in some cases nearly girdled the affected parts. The centers of the 
depressions also took on a whitish color, and finally very minute 
raised points or pustules appeared, in which the spores are born. 

The first effect seen on the leaf blade was in the form of fine, 
irregular cracks with brown edges. Later in the season the leaves 
presented a torn and ragged appearance where two or more cracks 
ran together. Leaves attacked when quite young were severely in- 
jured and their surface materially reduced, as shown in the plate. 

The characteristic appearance of diseased fruit is well shown in 
the illustration where one fruit is attacked and a seed exposed 
through a circular wound. The diseased berries do not decay, but 
the affected portions become hard and shrivelled. 

In Europe, as well as in many portions of the Eastern States, 
this fungus has proven difficult to combat. When once well estab- 
lished in a vineyard it has usually taken two or three years of most 
thorough treatment to get it under control. Fortunately, however, 
the disease does not spread rapidly. 

It is recommended that the vines be sprayed thoroughly with 
Bordeaux mixture, beginning early in the spring at the time when 
the buds are commencing to swell. This treatment should be fol- 
lowed by four or five others made at intervals of about two weeks. 


PEA ROOT DISEASE. 


During the season of 1900 Mr. C. H. Potter, assistant in Horti- 
culture, gave considerable attention to a destructive pea disease 
which made its appearance in the vicinity of Longmont. The 
trouble was not generally distributed, but was confined to certain 
fields. In these fields where the disease was most severe a majority 
of the plants were killed before reaching the surface of the ground. 
Different fields presented all variations in the amount of injury, from 
partial to complete failures of the crop. 


The disease was not so destructive last season, as only a few 
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fields showed evidence of its presence. I examined one tract of land 
that had been sown to peas at the usual time in the spring. Most 
of the seed failing to grow, the ground was plowed and again sown 
to peas. At the time of my visit the field had the appearance of 
fallow land, as only an occasional pea plant was to be seen. 

The soil in the vicinity of Longmont is well adapted to pea 
growing, about 2,500 acres being grown there annually to supply 
the canning factory, which makes a specialty of this product. The 
fields in which the disease made its appearance have always pro- 
duced good crops of other kinds. A good crop of wheat grew the 
year before on the one that I examined. 


My attention was called to this disease first in September of 
1900, when I took up the work of this department, but no investi- 
gations could be undertaken at that time. During the following 
winter some soil was secured from an infected field, which was 
placed in flats in the greenhouse and sown to peas. 

The plants grown in this soil were nearly all attacked by fungi 
on the roots and on the stems below ground. ‘The injury was not 
severe enough, however, to kill them, and as the vines grew and 
bent over they were attacked at the point where they came in con- 
tact with the earth. These diseased areas were soon overrun by 
various saprophytic fungi, so it was difficult to tell what was the 
real cause of the trouble. However, there was a large colored hypha 
constantly present in the diseased parts and the same hypha was 
found to be abundant in specimens collected in the field by Mr. 
Potter the summer before and preserved in formalin. 

All attempts to cultivate the fungus artificially failed, since 
it produced no spores and the diseased areas on the stems 
were so contaminated witb other forms that efforts to secure 
cultures by other means failed. The distinctive character of the 
hypha showed that it belonged to a group of fungi commonly known 
as Rhizoctonia, and that it was closely related to if not identical with 
the disease that is so destructive to potatoes in this State. 


The soil was then turned over to Mr. Rolfs to determine whether 
it was infested with this potato fungus with which he was working. 
A part of it was placed in pots and planted to potatoes. Eight pots 
were planted with clean potatoes that had been treated with corros- 
ive sublimate to free them from disease. The soil in another lot of 
eight pots was sterilized with steam for three days, two hours a day, 
to kill all plant life that it contained. These pots were planted with 
clean potatoes treated as above. In the first series all the plants 
were affected with Rhizoctonia. In the second all of the plants, with 
one exception, were free from the disease. The presence of the 
fungus in the one pot may easily have been due to carelessness in 
watering, as it stood by the side of the others that contained the un- 
sterilized soil. 
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Inoculation experiments were undertaken with potato Rhizoc- 
tonia, both with pure cultures and with the sclerotia as they occur on 
potato tubers. Peas were germinated in the laboratory and when 
the caulicle was about an inch long the inoculation was made. 
Some of the fungus from the cultures was placed between the 
caulicle and the cotyledons; then the peas were planted im coarse 
river sand in the greenhouse. Peas that were not inoculated were 
planted at the same time to serve as a check on the work. The re- 
sult of the experiment shows that the fungus occuring on the potato 
is parasitic on the pea, as the roots of all inoculated plants were 
badly diseased and in some instances the caulicle of the young plant 
was cut off. But in no instance were the plants killed, as they 
threw out new reots above the injury and were able in a measure to 
overcome the disease. Roots of the pea plants that were injured by 
the fungus in these inoculation experiments are shown in Plate VL, 
Fig. 1. The check plants grown under the same conditions, but 
not inoculated, showed no signs of disease. These experiments were 
repeated and varied by placing portions of the fungus under both 
caulicle and plumule. Rhizoctonia sclerotia taken from potatoes and 
started into vigorous growth by placing them in a moist chamber 
over night were used in the same way; the results were the same as 
before. 

These experiments do not prove conclusively that the so-called 
Rhizoctonia disease of potatoes is the cause of this trouble with peas, 
but the indications point strongly to this conclusion. It is known 
that this fungus is destructive to a great variety of plants and these 
experiments show that it may injure peas. That it did not kill the 
pea plants in the inoculation experiments may be due to the fact 
that conditions in the greenhouse were not suitable for the best 
development of the fungus. The failure of the fungus to kill the 
peas that were grown in the greenhouse in soil from an infested field 
must also have been due to unfavorable conditions. 


As a result of these observations and experiments it is safe-to 
conclude that the pea disease is due to a fungus that is in the soil 
when the peas are planted. There is no practical way of detecting 
its presence until its effects are seen on the pea plants, consequently 
the discovery of a method of treatment would seem to be a difficult 
matter; some suggestions, however, obtained from the study of other 
plant diseases may be of value. 


First—The heavier soils should be avoided for pea growing, as 


root diseases, especially the fungus that attacks potatoes as mentioned 
above, is much more severe on such soils 


_Second—By deep plowing the diseased surface soil may be 
buried so deeply that the fungus will not come in contact with the 
young roots. After the pea plants are thoroughly established it is 
probable that the fungus will have only a slightly injurious effect, 
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Fig. 1. Pea roots injured by inoculating with Rhizoctonia from potato. 


Fig. 2. Fruiting bodies of Nectria cinnabarina on currant canes. Both figures 
natural size. 
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PLATE VII. 


Anthracnose of the grape. Showing injury to cane, leaf, leaf stem, fruit and 
stem of fruit cluster. Natural size. 
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as the experiments indicate that the disease is most destructive when 
the plants are small. 

Third—As little water should be used in irrigating as can be 
gotten along with, since root fungi in general thrive best in a wet 
soil. 

Fourth—It is within the range of possibilities to secure a va- 
riety, or strain of some variety, of peas that will resist the attacks of 
this fungus. Recent reported advances made in plant breeding en- 
courages us to believe that such a strain may be secured, and we 
hope to undertake work of this nature the coming season. 


PLUM LEAF BLIGHT, OR SHOT-HOLE FUNGUS. 


A common disease of plum and cherry trees, known as leaf 
blight or shot-hole fungus, is illustrated in Plate 1X., Fig. 1. A 
common effect of the fungus is to destroy small areas of leaf tissue, 
which drop out and leave circular holes, thus suggesting the name. 
When many of these holes run together the greater part of the leaf 
is destroyed. If the fungus is severe in its attack and the leaf sur- 
face is materially reduced during the active growing season great 
injury is done to the trees. 

Numerous experiments have proven that this leaf blight may 
be easily controlled by spraying with Bordeaux mixture. *Beach 
recommends that three sprayings be made as follows: The first 
about ten days after the blossoms have fallen; the second about 
three weeks after the first, and the third about four weeks after the 
second. 

This disease is reported as being quite abundant in some sea- 
sons in sections of Colorado. In such localities it will undoubtedly 
pay to give the treatment recommended a trial. 


POTATO DISEASES. 


Potato diseases are being made the subject of special investiga- 
tion at this Station, as mentioned on another page, and a report of prog- 
ress of the work is soon to be published in bulletin form. Whether 
the fungus that has been found to be so destructive to this crop can 
be entirely overcome has not been determined, but much good can 
be done by treating seed potatoes. 

It is our purpose merely to call attention to the subject at this 
time, and for the sake of convenience, formulas for disinfecting seed 
potatoes are given on the following page. 


*Beach,S. A. Rep. N. Y. State Exp. Sta. 1896, p. 399. 
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An extended discussion of this subject will be found in Bulletin 
No. 70 of this Station. 


FORMULAS FOR TREATING DISEASED SEED POTATOES. 


Corrosive sublimates.ch ooscacccietei eee eer ert 1 ounce 
A 12-01 ee nro Seu crocs 5 ToGo baad of 0.4 58 8 gallons 
Dissolve the corrosive sublimate in one gallon of hot water, 
then dilute with seven gallons of cold water. Allow the potatoes to 
soak one and one-half hours. When dry they may be cut and 
planted, though it has been found to be a good practice to treat the 
potatoes a week or more before planting, since the treatment may 
retard germination if done just before planting. 
Corrosive sublimate is a deadly poison, and it should be used 
in wooden or earthen vessels, since it corrodes metals. 


Soak the potatoes two hours in this solution, preferably a short 
time before planting. This remedy is somewhat more expensive 
than the corrosive sublimate treatment, but it has the advantage of 
being non-poisonous, and it may be used in any kind of vessels. 


QUINCE RUST. 
(Gymnosporangium. Sp.) 


Last season the quinces in some sections of the Western slope 
were quite generally attacked by a fungus that is commonly known 
as rust. The fruits were often much distorted and worthless, as 
shown in the illustration in Plate VIII., Fig. 1. Any part of the 
fruits may be attacked, but in this case the blossom end was elong- 
ated into a hard knotty mass, on the surface of which was many 
fine tube-like projections about a quarter of an inch long, in which 
spores were produced. Fruits which were attacked when quite 
young were much dwarfed and so distorted that they scarcely re- 
sembled quince fruits. The fungus may also attack the stems and 
leaves of quince trees, but on the few trees that were hastily ex- 
amined, it was only found upon the fruit. 

The peculiar and interesting life history of this plant disease 
was worked out a number of years ago, which is briefly as follows: 
The fungus has two stages in its development, which are produced 
on two distinct classes of plants. The first stage occurs on cedar 
and juniper trees, on which it produces enlargments of the twigs 
and branches. The fungus lives year after year within the tissues, 
and the injuries are gradually extended until the branch or even 
the tree may be killed. Spores are given off in the spring of the 
year from conspicuous orange-colored masses which grow out from 
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the diseased parts. These masses are sometimes mistaken for 
blossoms or fruit of the tree, and in some sections are known as 
cedar apples. They are moist and gelatinous in texture during 
damp weather, so that the first spores readily germinate where they 
are borne. These in turn give rise to minute secondary spores, which 
are readily blown about by the wind and which can only grow on 
some plant that is a member of the family to which the quince be- 
longs. When they chance to fall on a quince tree, and the condi- 
tions are suitable for germination, rust is produced. The cedar 
apples become dry and withered during sunny weather, consequently 
the dissemination of spores is stopped until another rain softens the 
mass, Thus it happens that the period of infection may extend 
over a considerable length of time. 


The spores that are borne on the quince trees can only grow 
when they in turn are carried to the cedars, thus starting new 
sources of infection. 

There are a number of species of this fungus and all of them 
pass the second stage on some member of the same family of plants. 
The apple is sometimes attacked, and the service berry that grows 
in the foot hills and mountains is often badly diseased. Fig. 2, 
Plate VIII., is from a natural size photograph of a pear that was re- 
ceived from Glenwood Springs, Colo., August 29. A portion of its 
surface was covered with the spore bearing projections similar to 
those on the quince. It is an uncommon occurrence, however, for 
pears to be attacked by this fungus. 

Experimenters usually agree that spraying with Bordeaux mix- 
ture has little effect in preventing this fungus from attacking fruit 
trees. They all recommend that the cedar and juniper trees in the 
vicinity of an orchard be destroyed, which of course is a certain 
remedy. But since orchard trees have been known to be infected 
from cedars eight miles away,* this method would not be practicable 
in Colorado. The quince growing sections of the State are mostly 
in close proximity to the foot hills and mountains, the sides of which 
are covered with extensive cedar forests. * Bailey cites an instance 
in New York, however, where the rust was much less’abundant in 
sprayed portions of an orchard than it was on the unsprayed trees. 

There are no records of experiments on the treatment of this 
disease in the arid regions, but since the dissemination of spores 
from cedar trees is dependent on the rain fall, it is not probable that 
the fungus will be so difficult to control as it is in humid climates. 
For this reason, also, it is not probable that the disease will be so 
abundant every year as it was last, since it is likely that a rain 
came at the time which was most favorable for the development and 
spread of the spores. 


* Bailey, L. H., Cornell Uniy. Ag’l. Expt. Sta., Bulletin 80. 
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However, if it is thought best to try to protect the quince crop, 
the following line of treatment is recommended: Spray thoroughly 
with Bordeaux mixture as soon as the fruit has set, and follow this 
with two or three more sprayings at intervals of ten days or two 
weeks. The young fruit should be protected with the mixture until 
the season of late spring and early summer rains is passed. 


STRAWBERRY LEAF BLIGHT. 
(Spherella fragaric.) 


The illustration in Plate IX., Fig. 2, is from a natural size 
photograph of a strawberry leaf that was attacked by the common 
leaf blight or rust. This disease is socommon and the characteristic 
spots which it produces on the leaves are so well shown in the illus- 
tration that an extended discussion of the nature and effects of the 
fungus will not be necessary. It may attack any portion of the plant 
above ground, and when the leaf surface is materially reduced, small 
berries are the result. The fruiting stems may be so injured by the 
fungus that the berries wither before they ripen, and when newly set 
plants are badly diseased, the future crop may be a failure. Some 
varieties are much more susceptible to attacks of this fungus than 
others, and some valuable kinds have to be abandoned in certain 
localities on this account. 

The degree of susceptibility that a variety exhibits toward this 
disease varies in different localities, but good kinds may be found 
for every locality which are comparatively free from attacks of rust. 
Selection of resistant varieties is the most practical method of com- 
bating the disease, but it may be controlled by spraying with 
Bordeaux mixture if it seems desirable to do so. When setting new 
plants, all diseased foilage should be removed and destroyed, and 
the plants should be sprayed a few days after setting. The new 
growth must be protected with the mixture during the fore part of 
the season. This will require about four sprayings. The next sea- 
son it is recommended that the plants be sprayed just before they 
blossom and again as soon as the blooming period is over. If the 
plants are to be fruited another season, the beds should be mown 
and burned over as soon as the picking season is passed. If the 
burning is properly done no harm will result to the plants, and 
many spores of the fungus will be destroyed. 


WHEAT STINKING SMUT. 
(Tilletia foetens.) 


It is the practice of the wheat growers in many sections of the 
State to treat their seed wheat with copper sulphate (blue vitriol), for 


PLATE VIII. 


Fig. 1. Quince attacked by rust fungus. 
Fig. 2. Pear attacked by rust fungus. 
Fig. 3. Apple injured by spraying with Bordeaux mixtures. All natural size. 
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PLATE 1X. 


Fig. 1. Plum leaves injured by shot hole fungus. 


Fig. 2. Strawberry leaf attacked by blight. Both natural size, 
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the prevention of smut. The results of numerous experiments and 
the experience of many farmers prove that there is no doubt of the 
efficacy of the treatment. However, occasional failures are re- 
ported, some growers claiming that they can see no advantage in 
the treated over the untreated seed. Such results indicate that the 
best methods of treatment are not understood by all. 

We intend to test the different ways of combating wheat smut 
in the near future, to determine which one is best suited to our 
conditions. In the mean time, the latest formulas recommended by 
the best authorities are given below: 


i 


Dissolve the copper sulphate in hot water. Sprinkle or spray 
the solution on the wheat that has been placed in piles on the floor 
oronacanvas. Shovel the piles over while the liquid is being applied 
to insure the thorough wetting of every grain. Use no more of the 
solution than is necessary and spread out the piles so that the wheat 
will not remain wet long enough to become heated. 


Te 
Worrosive sub lmMALe: CAwh ae nee ee ne ee el DOUG 
NV eA Tames Sete ots cl onia hoa ero cois en ots = SEOs EE SUP CULLONT Ss 
To be applied in the same manner as the solution of copper 
sulphate. 


TEMOSEANEE IVT feces Wie ee CS nc el OE ae ERE Re REC Rta Ee 1 pound 


Use the same as the other remedies. 

Prof. Bolley, of North Dakota, who has experimented exten- 
sively with remedies for grain smuts, prefers the formalin treatment 
to any that he has tried. 


FORMULAS. 


BORDEAUX MIXTURE. 


Copper sulphate cya. a -teiecke cle) cite cise iar-y-astrodehe(= itor iaiale 4 pounds 
Tidiin Ovacdec a ccrs ater teeta nus See elec tenet ereroeeeee Ronee aca ks 4 pounds 
Weatericd o: ep ieratene teh tale sere nore ee Tae ear eee he 45 gallons 


The copper sulphate must be dissolved in hot water if wanted 
for immediate use. It may be dissolved by suspending it in a sack 
in the top of.a considerable quantity of cold water, but this method 
requires a much longer time. If placed in the bottom of the vessel 
it will not all dissolve. The best quality of stone lime should be 
purchased, slacked and diluted till it is in the form of a thin white- 
wash. After the copper sulphate solution has been diluted to about 
thirty gallons, the whitewash is poured in, stirred thoroughly, and 
the mass diluted to the required 45 gallons. It is essential that 
both the copper sulphate solution and the whitewash be quite 
dilute before they are combined, otherwise a coarse precipitate is 
formed, which does not pass through the spray nozzles readily. 

Where large amounts of Bordeaux are to be used, it is advan- 
tageous to keep on hand a stock of dissolved copper sulphate and 
of slacked lime. The stock of copper sulphate may be made by 
dissolving, say, fifty pounds in twenty-five gallons of water. Then 
one gallon of the solution will be equivalent to two pounds of cop- 
per sulphate, and two gallons will be required for a barrel of the 
mixture. The vessel containing the solution should be kept closely 
covered to prevent evaporation. It should be mentioned, also, that 
copper sulphate corrodes iron quickly, therefore it must not be al- 
lowed to come in contact with iron vessels or tools. 

The lime may be slacked in quantities, when it will keep in 
good condition all summer, if it is not allowed to become dry. A 
chemical test for copper is taken advantage of to determine the amount 
of lime paste to be used. This is called the potassium ferrocyanide 
test. The chemical comes in the form of yellow crystals, and a 
few cents worth will suffice for the entire season. It should be dis- 
solved in ten times its bulk of water when it is ready for use. A quan- 
tity of the lime paste in the form of a thin whitewash is added to the 
dilute copper sulphate solution, then the mixture is stirred thor- 
oughly. A drop of the test is now allowed to fall on the surface of 
the mixture. It will instantly turn to a dark, reddish-brown color 
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if sufficient lime has been used. More lime must be added until 
the test shows no reaction, when the mixture is ready for use. A 
slight excess of lime will do no harm and will be a safe-guard 
against possible error. 

Bordeaux mixture deteriorates rapidly, therefore it should be 
used on the same day it is made. 

It is often desirable to apply poison to the same plants that are 
to be sprayed with Bordeaux. Fortunately the two remedies may 
be combined and both applied with one operation. Any of the 
arsenical compounds may be used, and at the same rate when 
mixed with water. 


RESIN-BORDEAUX MIXTURE. 


Recommended by *Sirrine for spraying asparagus, cabbage 
and other plants to which the common Bordeaux mixture does not 
readily adhere. Also as a poison carrier to make poison mixtures 
adhere to the same class of plants. 


Lake SIs Gly Si ecu cad GeO aCe tec SE CR ae ee oe otic 5 pounds 
LERBUETISI GH A 3 SG oentiows amie echo can GEE ERO MRC RAEN Aer ctrt oe ea NeC Rc 1 pound 
TPTETO: GUNS Aas oeneteniret ab URIS OE CTE eI ERT OIG Ca eS ONO 1 pint 
NWI rarer tes rele aeately ovate ocascier cos are)eie-nle.ot Seo nekanstoiatagel pve 5 gallons 


Place the oil and resin in a kettle and heat until the ingredients 
are dissolved. Then remove from the fire, and when slightly 
cooled, add the lye slowly, while the mass is being con- 
tinuously stirred. The water is now added and the mixture is 
boiled until it will mix with cold water, when it forms an amber 
colored liquid. Care should be taken at all times to keep the 
materials from boiling over and catching fire. 

The above forms a stock mixture of which two gallons are 
used to forty-eight gallons of Bordeaux made in the usual manner. 
It is found best, however, to dilute the resin mixture with about 
eight parts of water before it was added to the Bordeaux. 

The materials are used in the same proportions when Paris 
green or other similar poisons are being used on plants. 


* New York State Agri. Expt. Sta., Bulletins 144 and 188. 
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POTATO FAILURES. 
By F. M. ROLFS. 


INTRODUCTION. 


The following lines are written to call the attention of 
the potato growers in this state to a destructive disease of 
the potato, RhAzzoctonza solant Kuhn. Jam aware of the in- 
completeness of this report, but it is hoped that a publica- 
tion at this time may stimulate an interest in the subject 
and thus call forth suggestions which will be helpful in 
working out a practical method of overcoming this disease. 
Undoubtedly this fungus has been common to the potato 
flelds of America for years, and although of considerable 
€conomic importance it has been entirely overlooked by 
American investigators, and nothing of importance concern- 
ing its nature has been recorded. *Stewart and Duggar in 
190¢ published the first account of its occurrence in America. 

European investigators have given it considerable at- 
tention and European literature contains a number of pub- 
lications on a potato disease caused by Rhzzoctonza. Its 
host plants cover a wide range and a number of species 
of the fungus have been described. 


OCCURRENCE OF DISEASE. 


The stem rot of the potato plant was first brought to 
any attention during the summer of 1$99, while at the New 
York State Branch Experiment Station on Long Island. 
The potato growers in the various sections of the Island, 
complained of the early wilting or drying of the vines caus- 
ed by astem rot. On visiting these sections and making 
careful observations it was noticed that the disease in many 
instances resembled the stem rot of carnations, which is 
caused by the attack of a species of RAzzoctonza. 

A microscopic examination of plants that had been re- 
cently killed invariably revealed an abundance of this fun- 
gus on the stemsand roots. At least thirty plantations in 
various sections of the Island were visited and a number of 
dead plants from each field were carefully examined. Al- 
though other fungi were more or less plentiful on these 
stems, ARAzzoctonta was constantly present both in the pith 
and onthe outside of the roots and stems. These observa- 
tions pointed toward the conclusion that this fungus had 


* Bulletins 186 of the New York State Agricultural Experiment Sta- 
tien, and Cornell Experiment Station. 


4 BULLETIN 70. 


more or less influence on the death of the plants. The 
stems which had been dead for sometime were so complete- 
ly overrun by other fungi that it was often difficult to 
identify the RAzzoctonza hyphae. 

This Department has received many inquiries from _po- 
tato growers in various sections of this State in regard to 
failures of the potato crop. Many of these inquiries gave a 
description of a diseased condition which is strikingly simi- 
lar to the one that was so common on Long Island in 1goo. 
After examining the tubers and stems from various parts of 
the state, it is quite evident that the fungus is common to 
nearly every section of this state, and especially abundant 
in many parts where failures occur. This information and 
the previous observations led us to believe that it is a para- 
site on the potato plant and that it probably had some in- 
fluence on the failures recorded in these various sections. 
Accordingly the writer was detailed to take up this work 
and the results of the investigations and experiments are 
given in the following pages. 

Our experiments prove that A&zzoctonza is an active 
parasite on the potato plant. Species of this fungus or pos- 
sibly the same species occur on a great variety of plants 
among which may be mentioned the following: Beets, car- 
rots, alfalfa, red clover, onions, turnips, peas, celery, lettuce, 
beans, cabbage, blackberries and raspberries. Usually it is 
a parasite but it is capable also of existing on dead 
organic matter in the soil and when favorable opportuni- 
ties occur it invades and destroys the living tissues of 
plants. : 

The annual loss to the State from this disease is con- 

siderable. In many localities where potato growing was 
once a paying industry the soil has become so infected with 
the fungus that the crop is no longer profitable. Although 
itis more or less common to many fields, it apparently de- 
velops most rapidly in heavy soils which are poorly drained. 
The disease remains in the soil and grows worse with each 
succeeding crop, consequently failures are most apt to oc- 
cur where a systematic rotation of crops is not followed. 
__ Probably every state in the Union suffers more or less 
Injury to its potato crop from this disease. It is known to 
be common to the fields of New York, Ohio, Iowa, Minne- 
sota, Wisconsin, Florida, Oklahoma, Texas, Colorado, Cali- 
fornia and Washington. 


EFFECTS OF THE DISEAS€ ON POTATO PLANTS. 


In many sections of the State where potatoes are not 
successfully grown it is reported that large vines are pro- 
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Figure 2. 
PLATE II. 
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duced which give promise of an abundant yield, but when 
cigging time comes it is found that so few tubers have set 
that it does not pay to dig them. Many of the thriftiest 
vines fail to produce a single tuber. (See Plate V.) It isa 
less frequent, but by no means uncommon occurrence, for 
the vines to set an abnormal number of small potatoes, or 
“Little Potatoes” as they are sometimes called. These 
often occur in compact clusters and are so small as to be 
worthless. (See Plate IX.) The above conditions occur 
most frequently on poorly drained land and especially on 
the heavier soils. A third condition and one which is 
common to the best potato districts is the dying of potato 
plants thus resulting in poor stands. Our experiments 
prove that any of these conditions may be produced by at- 
tacks of R&zzoctonza, and in the vicinity of Fort Collins, 
where most of our experiments and field work were done, 
this fungus is frequently responsible for the lack of success 
in the growing of this crop. So far as we have been able to 
learn, one or more of these conditions prevail in many sec- 
tions where the potato crop is a failure. 

The question naturally arises why this fungus should 
be so severe in its attacks on the potato at Fort Collins 
while the crop is so successfully grown in the Greeley dis- 
trict, twenty miles east and nearly the same altitude. Many 
farmers claim that if they had Greeley soil they could grow 
potatoes as successfully as those in the favored section. 
Our observations go to show that the difference between 
success and failure in potato growing is principally a differ- 
ence in soils, not that the successful growers suffer no loss 
from the attacks of this fungus but that it finds less congen- 
ial surroundings in the lighter and better drained land. 


NATURE OF THE FUNGUS AND ITS METHODS OF ATTACK. 


The hyphae or root-like organs of the fungus are often 
found growing on thesurface and in the scab ulcers of pota- 
toes. These hyphae give rise to irregularly shaped dark 
masses know as sclerotia, which vary in size from that of a 
mere speck to areas one-half inch or more in diameter. 
(See Plate I. Fig 2.) The sclerotia resemble small bits of earth 
so closely that it is often difficult to distinguish them from 
particles of soil on the tubers, but by placing the potatoes 
in water these bodies become black and quite conspicuous. 
Many of them adhere very firmly. When such potatoes are 
used for seed the disease is planted with them and it is 
ready to begin its attack as soon as the new plants start to 
develop. 
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This disease like many other root fungi is greatly in- 
fluenced in its growth by soil conditions. It may occur 
abundantly in the soil and on the seed potatoes and yet if 
the conditions are not favorable the plants may escape seri- 
ous injury. On the other hand, a few diseased seed may 
cause considerable damage. The hyphae spread through 
the soil in various directions, hence a single diseased potato 

plant may be the means of infecting an area of considera- 
ble size, since the disease remains in the soil for a number 
of years. 

Young plants are often severely injured by this fungus 
as shown in Plate III. Here two young shoots were killed 
before reaching the surface of the ground and the others 
were severely injured. Such wounds are usually character- 
ized by a reddish-brown coijor and vary in size and shape. 

Infected plants frequently show no marked signs of in- 
jury when first dug, but by leaving such plants in the col- 
lecting can over night the diseased parts take on a brown 
color and become quite conspicuous. Experience also 
shows that microscopical examination often fails to reveal 
the presence of the fungus if affected plants are not prop- 
erly cared for after they are dug: therefore it is necessary 
to keep the plants in a fresh condition if they are to be suc- 
cessfully studied in the laboratory. 


If the fungus produces wounds on the young plant that 
are small and confined to the outer tissues, the plant usually 
lives but it is apt to suffer more or less injury from the dis- 
ease later in the season. The appearance of affected plants 
is familiar to many but the injury is usually attributed to 
such causes as altitude, dry weather, heat, over-watering, 
insect attack, blight and frost. Since conditions have a 
marked influence on the development of the disease there 
is some variation in the appearance of affected plants. 
Usually, however, there is no difficulty in its identification. 
Plants which are attacked while young, if not killed out- 
right, are often dwarfed, take on an unhealthy appearance 
and frequently die long before the close of the season. On 
examining such plants one usuaily finds that the parts be- 
low ground are thoroughly infected with AAzzoctonia and 
often the pith of the stem is filled with this fungus. Such 
infections apparently start from diseased seed potatoes and 
the fungus grows up the stem, gradually killing the root 
system and finally starving the plant. (See plate VIL.) 

In some cases, the disease attacks the plant just below 
the surface of the ground, and if conditions are favorable 
for the development of the fungus. it produces a stem rot 
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which is known in some sections as “Collar Rot” or “Black 
Ring’ of the potato plant. Badly affected plants wilt sud- 
denly and are soon dead and dry. Frequently, however, 
the attacks on the stem are not so severe but the wounds 
are so situated as to prevent the free transportation of plant 
food to the tuber stems, thus cutting off the food supply to 
the growing potatoes, which consequently remain small. If 
the injuries prevent the assimilated food from being stored 
in the subterranean parts of the plant, large tops are pro- 
duced, and green tubers often form in the axils of the 
leaves, thus giving rise to the so-called ‘Aerial Potatoes”. 
(See Plate VIII.) When the root system of such plants is 
more or less injured, the leaves usually take on a lighter 
colorand havea tendency to fold. The stems become 
thicker, and grow prostrate, giving the plants a bushy ap- 
pearance. 

A similar condition is brought about by the attacks of 
the fungus on thetuber-stems. Young tubers are frequently 
cut off by the fungus asshownin Plate XI. Fig 2. The yield is 
often materially reduced in this way and it is not uncom- 
mon for all of the tubers to be cut off as shown in Plate VI. 

When the tuber stems are less severely injured, but the 
wounds are severe enough to interfere with the flow of plant 
food to the young poiatoes, the buds on these stems just 
above the wound often develop tubers. But the fungus 
may continue its work and again injure or cut off the stem 
above the newly formed tubers. When the main stem is 
infected with the disease, the tuber-stems are apt to be cut 
off before they have made much growth. In such cases 
blind or adventitious buds may push out and form on the 
main stem around the injured member and develop short- 
stemmed or stemless tubers as shown in Plate IX. wucre a 
typical cluster of ‘‘Little Potatoes” have formed. If the 
root system is also invaded by the disease, the vitality of 
the plant is reduced and it puts out few or no subterranean 
stems. Ihe tuber-stems which do grow are probably weak 
and soon cut off by the fungus. Such plants set few or no 
tubers and usually take on the peculiar top development de- 
scribed above. 

INOCULATION EXPERIMENTS. 


The following series of inoculation experiments was un- 
dertaken with cultures of RAzzoctonza to prove tliat the dis- 
ease is parasitic and that its attack onthe potato plant may 
produce the conditions described above. Pure cultures were 
readily obtained from the sclerotia on tubers. Conditions 
have a marked influence in the growth of this fungus in the 
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laboratory as well as in the field; dryness and exposure to 
sunlight are especially liable to check its development. 
Test-tube cultures are very sensitive, hence results from in- 
oculations are apt to be misleading, since the culture mater- 
ial may be weak or dead when the inoculations are made, 
or the conditions under which the plants are growing may 
be unfavorable for the best development of the fungus. 

These experiments were conducted in the field with 
the exception of No. 2.*Check plants were used in the experi- 
ments and all of them remained in a healthy and vigorous 
condition. 


No. 1. On August 24 placed pure cultures of this fungus on twenty 
tuber stems and carefully covered the inoculations with grafting wax. 
In this experiment long young stems were selected in order to be able 
to make the inoculations some distance from the main stem. On Au- 
gust 29 eight of these stems were examined. All of them had brown- 
colored areas on inoculated surfaces. September 10 examined the re- 
maining twelve stems. Seven had deep sears under the wax and five of 
these seven developed new tubers above the wound. The remaining five 
inoculations gave no marked results. 

No. 2. July 7 inoculated twenty green stems on plants growing in 
pots in the greenhouse. Small incisions were made and particles of the 
culture material inserted. Check wounds were made in the same man- 
ner but not inoculated and all wounds were covered with grafting wax. 
August 21 three of the inoculated stems were found to be cut in two, 
eleven were deeply scarred and six remained uninjured. Plate XII. 
shows four stems taken from this lot. 

No. 3. Twenty inoculations made September 18 in the same man- 
ner as No.1. Six of the inoculated tuber-stems were killed and the 
plants produced stemless tubers. Out of six root-inoculations four were 
killed and two remained healthy. Two of the eight inoculated branches 
were injured and six remained sound. 

No.4. August 31, inoculated seven stems just below the sur- 
face of the ground. The operation was performed asin No. 1. These 
inoculations were examined September 12. Three produced a distinct black 
ring around the stems and four gave no marked results. 

No.5. On the same day, August 31, fifteen tuber-stems and 
five roots were treated in the same way as in No. 1. These inoculations 
were made close to the main stem. September 12 five stems and the five 
roots were examined. All inoculations produced brown-colored areas 
on the inoculated surfaces. September 22 the remaining ten of these 
inoculations were carefully examined; seven of these had developed 
deep black wounds under the wax. The remaining three were completely 
See rane small pene tubers had developed on the main stem 

injured tuber stem. More y l i 

found in al atthe woe or less of Rhizoctonia hyphae were 
: o. 6. On August 15th twelve green stems were slightly injured 
with a sterilized knife, and pure culture of the fungus was plaved i the 
wounds and the inoculations were covered with wax. A careful exam- 
eee a these stems was made on September 6. Three of them were 
ue : ke Plate XI. Fig. 1.) Six developed marked wounds and three 
e healthy. Hyphae of the fungus were more or less plentiful in all 


of the wounds. injuri i 
SS A 8s. The five check injuries healed and the stems remained 


In any inoculation experiment it is necessary that uninoc- 


ulated plants be grown under the same conditions for the sake of 


comparison. In the following disc i re desig 
mL g ussion such plants are designated as 
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7. On August Ist, pure culture of the fungus was placed on five 
tuber-stems and the cultures were covered with wax. These stems were 
examined on August 15th, and it was found that the fungus had pro- 
duced marked wounds on all of them. Two of these stems which were 
practically cut off are shown in Plate XI. Fig2. Twoof the five stems used 
for a check were slightly colored under the wax but no traces of the dis- 
ease were found. 

These experiments show that the attacks of the tungus 
may produce the abnormal development of the potato plant, 
so common to many of our fields. 

It is evidentif fungus injuries are responsible for such 
peculiar development of the plant that mechanical 
injuries ought to produce similar results. Accordingly a 
series of experiments was planned tc test these points. 

Mechanical Injuries. On August 24th, all of the tubers 
were removed from forty plants. September 2d, the tubers 
which had formed during this time were removed and many 
of the roots were injured. All the plants soon took on the 
peculiar development described above and 29 of them devel- 
oped “ Aerial Potatoes.” These plants were dug Septem- 
ber 20 and it was found that many of them had produced 
typical ‘Little Potatoes.” (See Plate X.) Examinations 
failed to reveal the presence of ARzzoctonza on any of these 
plants. Check plants growing by the side of those used 
in the experiment produced normal tops and tubers. 

On the same day, a ring of outer tissue about one half- 
inch wide was removed from around the main stem of 
twenty-five plants. These plants also took on the peculiar 
top development and all produced aerial tubers. Plate IX. 
shows a fair specimen of this lot of plants. Twisting the 
stem and wrapping a wire firmly around the stem gave 
similar results. 


THE SEED. 


During the past spring, the Department made a num- 
ber of observations on the percentage of infected AAzzoc- 
fonza tubers in different lots of potatoes offered for sale as 
seed. One lot examined contained 805 tubers. Ninety-one 
per cent of these were infected with the disease 
and were more or less covered’ with _ sclerotia. 
While the remaining nine per cent were free from the 
sclerotia, careful ¢xamination with the microscope revealed 
the fact that the eyes of most of these tubers harbored a 
few strands ofthe fungus. Five of the supposed clean pota- 
toes were placed in a moist chamber and at the end of two 
weeks, there was an abundance of this fungus on three of 
them. The other two were completely overrun with /us- 
artum and no traces of RAzzoctonza could be found. The 
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amounts respectively of clean and diseased potatoes in this 
sack are shown graphically in Plate I. Fig 1. 

From another lot of potatoes which had been in_sacks 
for some time 549 pounds were carefully examined. Fifteen 
per cent were free from disease, so far as could be de- 
termined, and 85 per cent were infected. Many of the sprouts 
had been overrun with the hyphae, and sclerotia had been 
developed freely on both sprouts and tubers. (See Plate IV.) 
Some of the sprouts had been completely cut off; the tips 
frequently suffered most severely, and the ends of many 
of the sprouts were dead and dry. (See Plate II. Fig. 2.) 

Fifteen of the diseased tubers were placed in moist 
chambers. Five of them developed sclerotia on tubers and 
sprouts. The fungus on the remaining ten was apparently 
dead, and no further development took place. These po- 
tatoes were carefully watched and examined from time to 
time. Apparently the development of the disease ceased 
soon after they had been removed from the sack. Ex- 
posure to the dry air and sunlight probably killed the fun- 
gus. Experiments and observations indicate that excessive 
drying and sunlight kills the hyphae and sclerotia which 
grow on the surface of potatoes, and that the hyphae which 
grow in the deeper wounds are probably not much influ- 
enced by such treatment. 

Potatoes from these lots early in the season gave a 
much lower percentage of infection. In neither case did it 
exceed thirty per cent. In the lots examined during the 
winter before the tubers were placed in sacks, the propor- 
tion was usually low, and seldom exceeded twenty per cent. 


It is evident that under favorable conditions infected 
potatoes develop hyphae and sclerotia freely after being 
stored. A few diseased potatoes in a bin or sack of clean 
ones, under suitable conditions will spread the disease, and 
in a short time may render the entire lot worthless for seed. 

The cracked skin and rough surface on so many pota- 
toes from diseased fields, led us to suspect that Rhzzoctonza 
had more or less influence in bringing about this condition 
and the constant association of this fungus with these in- 
juries also pointed strongly toward this conclusion. 

Observations show that the hyphae frequently enter the 
lenticells of the tubers and produce corroded spots, or min- 
ute open pustules. In rapidly growing tubers such openings 
are often extended, producing numerous cracks which fre- 
quently become confluent. These cracks are repaired by a 
natural effort frequently producing a peculiar corky, or ap- 
varentlya double skin on the potato as shown in Plate I. Fig 3. 


PLATE VII. 


PLATE VIII. 
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And if the fungus continues its attacks, or if other fungi in- 
vade the injured parts, repeated efforts are made to repair 
the damage, and the surface of the potato may be brought 
into a rough or cracked condition, giving it an unsightly ap- 
pearance. An extreme case of such injuries is shown in 
Platell. Fig 1. That RAzzoctonza is the cause of this condition 
is proven by the following simple experiment. 

On September 11, 1901, small amounts hyphae from pure cultures 
of the fungus were placed on the surface of eighteen small growing po- 
tatoes and covered with sterilized grafting wax. On September 25th, 
two of these potatoes were examined and a number of brown spots 
were observed on the inoculated surfaces. By a careful microscopic 
examination it was found that the hyphae had entered the lenticells and 
produced a small rupture in the skin. On September 26th, a third in- 
oculated tuber was examined and a number of cracks each starting 
from a lenticell were observed. On October 10th, the remaining fifteen 
tubers were examined and it was found that ten of these had developed 
sclerotia abundantly, and the entire covered surface was a 
net-work of cracks. Two of the remaining five had each a deep crack 
extending across the tuber. All inoculations produced brown rough 
surfaces. An abundance of the fungus was found on each tuber, while 
the five checks which had been treated in the same way with the ex- 
ception of adding Rhizoctonia culture, remained free from cracks. 


METHODS OF TREATMENT. 


It is difficult to treat this disease, since the external 
characters usually do not appear until the tissues of the 
plant are thoroughly invaded with the fungus. Applica- 
tions of fungicides to affected plants would have little or no 
influence on the disease. Under favorable conditions 
the fungus spreads rapidly through the soil in various direc- 
tions. There is no practical method of checking its spread 
after it is once introduced into the soil. The only way of 
dealing with it is by preventive means. From the nature 
of this fungus, it is evident that diseased seed potatoes are 
frequently the means of introducing the disease into clean 
fields; hence, too much care cannot be exercised in select- 
ing clean seed. But even then, the potatoes are apt to har- 
bor the fungus if they have been in contact with infected 
tubers. Danger from this source may be largely overcome 
by the treatment given on page 12. 

The disease may be carried on beet roots, or dead po- 
tato stems or on the dead stems of many of the weeds 
which grow in the potato fields. Infected potato and weed 
stems often find their way into the barn-yard and compost 
heap, thus manure may become a source of general infec- 
tion toclean fields. Great care should be taken to keep dis- 
eased plants and tubers out of the manure. The burning 
of all vines and weeds, as soon as the potatoes are harvest- 
ed, is an excellent practice. 
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Some fields seem to be more favorable for the develop- 
ment of this fungus than others. A heavy poorly drained 
field seems to be of tne favoring class. A thorough drain- 
age of the land would probably do much good. Potatoes 
grown on heavy soils with good bottom drainage usually 
suffer less severely from the disease than those grown on 
poorly drained soils. It is not definitely known how long 
this disease will remain in a field when it once becomes 
thoroughly established, but it is quite evident that land 
on which diseased potatoes have been grown usually har- 
bors the fungus a number of years, hence, it is important to 
follow a systematic rotation of crops, and it will probably 
be necessary to follow a five-year rotation in order to ob- 
tain good results. 

-“Prunet * believes that the fungus remains in the soil 
three years, and recommends that diseased fields should 
not be cropped with lucern or clover for several years. 
Evidences indicate that root crops should beavoided. Cere- 
als which are probably not attacked by R&zzoctonza should 
be sown in the infected ground, and all weeds should be 
kept down. This is probably the only means by which the 
fungus can be destroyed.” 

Corrosive Sublimate Treatment. Corrosive sublimate or 
bichloride of mercury is sold in form of white crystals. It 
may be bought at any drug store for about fifteen cents an 
ounce. The cost of material for treating the seed for an 
acre will not exceed tifty cents. The solution is made by 
placing one ounce of this chemical in an earthen or 
wooden dish containing one gallon of hot water. As soon 
as it is all dissolved pour the contents of the dish into a 
wooden vessel containing seven gallons of water. Put the 
potatoes into this solution, and let them remain an hour 
and ahalf. The solution may be used a number of times. 
The disinfection may be done at any time. Experiments 
indicate, however, that treating the tubers about a week 
before planting, and spreading them on the floor or ground 
where they will be fully exposed to the sunlight, greatly 
facilitates their growth after planting. Corrosive sublimate 
zsa deadly porson to both man and animal when taken tinter- 
nally, but the solution and treated potatoes may be handled 
freely without experiencing any ill results. 


FORMULA. 


ee a EE Red a Pe SS 8 gallons. 
ene e roe MeN homes PPE Sy alte cea 14 hours. 


*(Prunet ‘‘Sur le Rhizoctonia de la Lucerne’’. 
Paris 1893. 2 Compt. rend. 
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formalin Treatment. Formalin is sold in the form of 
a liquid at about fifty cents a pint. It is a little more 
expensive than corrosive sublimate but has the advantage 
of not being poisonous, comes in form of a liquid, and 
can be used in any kind of a vessel. The solution is made 
by adding one half-pint of formalin to fifteen gallons of 
water. The tubers are placed in this solution for two hours. 
This treatment does not retard the sprouting of the tubers, 
and it may be used at any convenient time before planting. 
If the tubers are treated during the winter, they should be 
dried and carefully stored avoiding all danger of reinfection 
from infected sacks and bins. The solution loses strength 
on standing, and must be kept in a closed receptacle if it 
is to be used a number of times. _It is probably not best to 
use the solution for more than four successive treatments. 


FORMULA. 
IHormalins. + Sets 2h en et SP eed te 8 ounces (4 pint.) 
Vi CORY Sita 2 2b tech ist Saints Peak, Saree deer 0 15 gallons. 
Soak Potatoes the ea ee ED Se 2 hours. 


Keeping Seed Potatoes. It is evident that the success of 
the potato crop depends much upon the vigor and condi- 
tion of the seed potatoes. Some growers have adopted the 
following practice with excellent results: When the pota- 
toes are dug, those which are to be used for seed are stored 
in a dry, dark shed or barn until about the 1oth of Novem- 
ber. Just before freezing weather sets in, the potatoes are 
carefully sorted, and those which show the slightest signs of 
decay are rejected. A layer of straw from eight to ten 
inches thick is spread on the ground and the tubers placed 
upon this straw. The piles should not be made too large. 
The best resuits are usually obtained from mounds three 
feet wide at the base and piled up in ridges as high as con- 
venient. A covering of straw is placed over the potatoes, 
and this is followed by a layer of soil from six to eight 
inches thick, but before severe weather sets in more soil is 
added, and when the severest weather is at hand, more 
straw, or strawy barn manure is added. The aim istocover 
gradually as the cold increases. This method of storing 
potatoes seems to winter them much better for sced than 
when they are placed in root cellars, or when they are stor- 
ed in mounds immediately after they are dug. About the 
last of April they are taken from the pit and again stored 
in a dark shed or barn until about ten days before planting- 
time when they are treated with corrosive sublimate, as 
given in formula on page 12. After this treatment they 
are placed where they will be freely exposed to the sun. 
Seed should not be cut until shortly before planting. If 
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planting is delayed, the cut pieces should be placed ina 
moist, cool place. 
EXPERIMENTS IN TREATING SEED POTATOES. 


Greenhouse Experiments. The following experiments 
were conducted in the greenhouse to get some hints on the 


value of treating infected tubers with corrosive sublimate: 

Experiment 1. The first experiment was with sixteen pots filled 
with sandy, clayey soil which was thoroughly infected with the disease. 
The soil in eight of these pots was sterilized two hours a day for three 
consecutive days, and planted with apparently healthy seed which had 
been placed in a solution of one ounce of corrosive sublimate to eight 
gallons of water for one and one-half hours. All tubers produced 
healthy and quite vigorous plants which lived until the experiment was 
closed. Careful examinations showed that all but one of these plants 
were free from disease. This infection was probably due to careless- 
ness in watering the plants with a hose, since pots containing treated 
and untreated soils stood side by side. The soil in the other eight pots 
was not sterilized, and planted with clean tubers, treated in the same 
manner as those in the first lot. The potatoes all grew, but the plants 
did not do so well as those in the first lot, and three of them died shortly 
before the experiment was closed. On examination, it was found that 
all the plants were infected with the disease. A number of sclerotia 
were found on four of the tubers. 

Experiment II. The second experiment contained twelve pots of 
heavy black loam which had been used in growing Alternanthera in the 
greenhouse during the preceding winter. The soil in the first four pots 
was not sterilized and was planted with tubers on which there were 
numerous sclerotia. These tubers were treated with one ounce of cor- 
rosive sublimate to eight gallons of water for one and one-half hours. 
The plants did quite well, but careful examination showed that all were 
more or less affected with the disease. The soil in the next four pots 
was sterilized two hours a day for three consecutive days, and planted 
with seed treated in the same way as those in the preceding lot. These 
plants made good growth and lived until the experiment closed. Crit- 
ical examination failed to reveal any traces of the disease. The soil in 
the last four pots was treated as in the second lot, but was planted with 
infected tubers. One tuber failed to grow. Two produced weak plants 
which died prematurely and the fourth plant did poorly, but lived until 
the experiment closed. All plants were infected with Rhizoctonia. 

Experiment Ill. In the third experiment, thirty diseased tubers 
were planted in a bench containing three inches of potting sand on the 
bottom and four inches of sandy clay loam on top. The first lot con- 
tained fifteen tubers which were treated with one ounce of corrosive 
sublimate to eight gallons of water for one and one-half hours, and 
planted twelve inches apart. These plants were slow in reaching the 
surface of the ground, but otherwise, they did nicely, and remained 
green until the close of the experiment. Thirteen of these hills, con- 
taining fifty-seven plants, were free from the disease, and only one 
plant in_each of the other two hills, containing eight plants, was in- 
fected. It is possible that this was due to soil infection. In the second 
lot used in this experiment, the tubers were not treated, otherwise the 
conditions were much the same as in the preceding. Some of the 
plants soon reached the surface of the ground; others, however, were 
considerably delayed, and a number were killed before reaching the sur- 
face. Those which finally became established did quite well apparently, 
but twelve of the hills, sixty plants, died two weeks before the experi- 
pope te closed, and all were covered with an abundance of Rhizoctonia 
eae eee three hills, fifteen plants, lived, but acareful examina- 

howe at all of them were more or less affected with the disease. 


These experiments show that diseased potatoes may be 
readily disinfected with the corrosive sublimate. But in or- 
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der to obtain good results the treated seed must be planted in 
soil which is free from the disease. 


field Experiments. Encouraged by the promising re- 
sults in the greenhouse experiments, although somewhat 
late in the season, we concluded to try the treatment on a 
larger scale. Accordingly arrangements were made with 
Mr. J. G. Coy of Fort Collins, to carry on an experiment on 
his farm, in which he kindly consented to assist us. The 
soil of the field selected for the experiment was of heavy 
black loam on the river bottom. It was afterwards found 
that the level of the soil water was comparatively close to 
the surface. It had been flooded by late rains, and was 
too wet to get in shape for planting before June 6th. Most 
of the ground had been planted alternately with cabbage 
and onions during the past five years. It is quite probable 
that the soil contained more or less of the fungus since 
onions which remained in the field from last year’s crop 
were badly infected. Potatoes grown on this place have 
suffered more or less from early blight for a number of 
ears. 
‘ This field was divided into four plots. The rows were 
twelve rods long and planted in the usual way. All four plots. 
were planted with Wisconsin seed of the Pearl variety. 
These tubers were infested with A&zzoctonza. Plots I., III. 
and IV. were sprayed with Bordeaux mixture, and Paris. 
green on July 7th, 17th, 31st and August 15th. The seed of 
Plots III. and IV. was treated with corrosive sublimate as 
given on page 12. Theseed of Plots I. and II. was not 
treated. The rains during the fore part of the season kept 
the ground sufficiently moist for the growth of the plants 
and the field received its first irrigation on August 13th. 
From this time on the ground was kept quite moist. The 
potatoes were dug October roth. 


Plot I. This plot occupied the lowest and most poorly drained 
part of the field. The seed of this lot was not treated, but the plants. 
came up nicely, and most of them looked promising during the early 
part of the season. They were sprayed thoroughly four times, and re- 
mained green until killed by frost. Joining this plot was a garden 
patch of potatoes which was badly infected with the Rhizoctonia. 
The leaves of these diseased plants soon took on a lighter green color, 
had a tendency to fold, the stems became heavier, their internodes re- 
mained short, and in many of the plants, grew prostrate. These tops 
were soon invaded and completely ruined by early blight. During the: 
later part of July, it was observed that a number of the plants in the 
rows joining the garden patch were taking on an abnormal top develop- 
ment. After the first watering, this peculiarity became prominent on 
many other plants, and at the close of the season, it is doubtful if there 
was a single plant in the entire plot which had a normally developed 
top. On August 10th, a careful examination was made of fifty plants 
taken from various parts of this plot, and it was found that the hyphae 
of Rhizoctonia occurred most abundantly on the plants in the first three 
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rows joining the infected patch. Apparently the disease gradually 
spread from the infected soil. Most of the plants in this plot developed 
small tubers and some of them grew no tubers at all. From eight rows 
one hundred and forty pounds of rough, corky potatoes were gathered. 
In some cases the plant apparently failed to put out tuber stems, while 
in others, the stems which were put out had been injured or completely 
cut off, producing Little Potatoes, and a number of the plants produced 
Aerial Potatoes. On October 10th, it was impossible to find a plant in 
the plot which was not more or less affected with the disease. The 
root system was also abnormally developed. It too showed the effects 
of the disease. The younger roots and root tips suffered most. Many 
of them were dead, and a careful examination of the living and recently 
killed parts showed the presence of an abundance of Rhizoctonia hyphae. 

Plot II. was used for check. The seed of this plot was not treat- 
ed, and the plants were not sprayed. They came up nicely, but some of 
these blighted early and many of them were killed fully two weeks be- 
fore frost. It was found on examination, that many of these plants 
were more or less affected with Rhizoctonia. Nine rows yielded 1128 
pounds of tubers, which averaged 94 pounds per sack. 

Plot III. was planted with the roughest and poorest tubers of 
this lot of seed. They were treated with corrosive sublimate one day before 
planting but only about three-fourths of the tubers grew, and the plants 
were unusually slow in reaching the surface of the ground. This plot 
was sprayed four times. Diseased plants were less plentiful 
in this plot than in the preceeding. Seven rows produced 910 pounds of 
tubers, giving a gain of 4 per cent over check. These tubers averaged 
102 pounds per sack. 

Plot IV. The seed of this lot was treated with corrosive subli- 
mate one day before planting. The plants were fully five days later in 
reaching the surface of the ground than those of Plot II, but four weeks 
later there was very little difference in the size of the plants between 
the two lots. These plants were sprayed four times which kept their 
foliage in an excellent condition, until injured by frost. Fifteen rows 
yielded 2,625 pounds of clean, smooth tubers, giving again of 40 per cent 
over check. It is quite evident that this gain would have been consid- 
erable more had the frost been a month later. The tubers averaged 106 
pounds per sack. 


For the sake of comparison, the methods of treatment 
and the yields of the different plots are given 
the following table. 


TABLE I. RESULTS IN TREATING SEED POTATOES. 


Plot. No. of Treatment No. times Yield per Gain over Average lbs 


rows. of seed. sprayed. row in lbs. plot No.2. per sack. 
No. 1 8 None. 4 174 861 loss. 
No. 2 9 None. None. 1254 94. 
No. 3 i Corrosive 4 130 4 102. 
sublimate. 
No. 4 15 Corrosive 4 175 40 106. 
sublimate. 
The results of these experiments may be briefly 
explained as follows: The poor yield in experiment 


No. 1, may be accounted for by the fact that the plot was 
situated by the side of a badly infected garden, where pota- 
toes had been grown for several years. It is probable that 
the disease spread through the soil from the infested patch. 
(The result of this experiment cannot be considered for 


this reason.) 2; 
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In Plot No. 1II. poor seed was selected which was treat- 
ed with corrosive sublimate. That only three-fourths of a 
stand was secured was undoubtedly due to weak seed. The 
slight gain over the untreated seed indicated that in any 
method of treatment, it will pay to carefully select the seed 
potatoes. 

The seed potatoes used in Plot No. IV. were of the 
same quality as those used in Nos. 1 and 2, and were treat- 
ed with corrosive sublimate. The plants were sprayed four 
times. The results show a gain of 4o per cent over the un- 
treated seed in Plot No. II. 

The difference in the average weight of sacks of pota- 
toes of the same size from different plots is interesting; the 
potatoes from Plot No. 4 averaging 12 pounds more to the 
sack than those grown in check Plot No. II. No explana- 
tion for this difference is offered at this time. 

These experiments show that early blight can be held 
in check with Bordeaux mixture if the spraying is com- 
menced early, and done thoroughly, but it is probably a 
waste of time and material to spray plants badly infected 
with Rkzzoctonza. 

FUTURE INVESTIGATIONS. 


Different varieties of potatoes vary considerably in their 
susceptibility to disease when grown under the same condi- 
tions. It has been observed frequently that of plants of 
different varieties grown in the same hill, and probably 
equally exposed to infection, some will die early in the sea- 
son, and produce no tubers at all, while the others will live 
to the end of the summer and produce a fair yield. Even 
plants of the same variety often show considerable differ- 
ence in power of resisting the disease. The cause of such 
resistance will be studied, and it is hoped that in time a 
number of hardy or disease resistant varieties may be pro- 
duced. 

The best method of treating and wintering the seed is 
receiving careful attention, and it is believed that bin and 
sack infections can be largely prevented. 

Some sections seem to have much trouble with the run- 
ning out of potatoes. The indications are that this condi- 
tion may be overcome, in some cases at least, but it will be 
necessary to repeat the experiments another year before 
making a report. 

Field observations indicate that Rhzzoctonza frequently 
produces a rotof potato tubers. However, only two tu- 
bers out of more than one-hundred inoculated in the labora- 
tory gave marked results, but many were slightly decayed. 
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These negative results may have been due to unsuitable 
conditions. A thorough study of this phase of the disease 
will be made during the coming season. 

From a number of observations during the year, it is 
quite evident that the 4/¢ernarza which infest the onions of 
this section may also invade the foliage and produce early 
blight of potatoes. Hence it was found necessary in the — 
field experiments to spray the plants with Bordeaux mix- 
ture as a preventive of this disease. Further observations 
may show that early blight is animportant factor in pro- 
ducing potato failures in some sections. Should this prove 
to be true it may be controlled with Bordeaux mixture, 
Onions also frequently harbor RAzzoctonza. This probably 
explains why potatoes so frequently do poorly when planted 
in onion ground. 

Experiments during the past year indicate that sulphur 
has very little or no value in treating this disease. Lime 
may prove helpful. Both sulphur and lime will be given a 
thorough test during the coming’ season. 

Preliminary experiments in rejecting all infected seed 
potatoes gave excellent results. 
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SUMMARY. 


Rhizoctonia solanz (Kuhn) is the name given to a fun- 
gus which occurs on the underground parts of the potato 
plant. Our experiments show that this fungus is an active 
parasite on the potato and that it is one of the principal 
causes of potato failures in many parts of the state. 

Many potato growers are familiar with one or more of 
the following conditions which have usually been thought 
to be due to the influence of altitude or climate; abnormally 
large vines which produce few or no potatoes, (See Plate 
V.) vines which though vigorous in appearance, bear a 
large number of small, worthless tubers, (See Plates IX. and 
X.) The failure of much of the seed to grow or the dying of 
plants during the fore part of the season resulting in a poor 
stand, (See Plate III.) This fungus, in the vicinity of Fort 
Collins at least, frequently produces all of these conditions. 

The fungus lives over winter on the potatoes in the 
form of dark patches which resemble bits of soil (See Plate 
I. Fig 2.) When such potatoes are planted the fungus devel- 
ops with the plant and begins its attacks at once. 
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When a field has become thoroughly infected with the 
disease it will remain in the soil a number of years. 

The nature of the disease indicates that it may be com- 
batted by preventive means which consist in planting clean 
seed in clean soil. Seed potatoes should be carefully sort- 
ed, disinfected and planted on land that is well underdrain- 
ed. Then by practicing a long and systematic rotation of 
crops, the soil may be prevented from becoming badly in- 
fected with the disease. 

The fungus may spread from a few diseased potatoes 
in a sack or bin and ina short time render the entire lot 
worthless for seed. 

In our experiments diseased seed potatoes treated with 
corrosive sublimate and sprayed with Bordeaux mixture 
gave an increase in yield fof forty per cent over untreated. 
seed and unsprayed plants. The soil used in the experi- 
ments was heavy, poorly drained and infected with A&zzoc- 
tonza. A lighter, well drained soil free from the disease 
undoubtedly would have given still better results. The 
formalin treatment also gave encouraging results. 
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EXPLANATION OF PLATES. 


PLATE I. Fia. 1. Sack of potatoes examined June 3. Large pile 
contains badly diseased potatoes, slightly diseased in the center, while 
the smallest pile contains the clean potatoes. 

Fic. 2. Sclerotia of Rhizoctonia on potato. Very common on seed 
potatoes. 

Fig. 3. Surface of potato covered by net work of fine cracks 
caused by attacks of Rhizoctonia. Figs. 2 and 3 natural size. 


PLATE II. Fic.1. Potato badly scarred by Rhizoctonia. Much 
of the so-called scab is undoubtedly due to this disease. 

Fic. 2. Potato sprouts killed in the sack by the fungus. From 
the sack shown in Plate I. Both figures natural size. 


PLATE III. Showing how Rhizoctonia attacks young plants in 
the field. Two on the right were killed before reaching the surface of 
the ground. The others badly injured. Natural size. 


PLATE IV. Potato sprouts from sack. Some killed by and 
others showing sclerotia of Rhizoctonia. Enlarged. 


PLATE V. Plant from which potatoes were all eut off by Rhi- 
zoctonia, producing an abnormally large top. 


PLATE VI. Large vine from which all but a few small potatoes 
were cut off by the fungus. 


PLATE VII. Potato plant infected from diseased seed; the root 
system badly injured. 


PLATE VIII. Potato plant from which the tuber stems were all 
cut off by the fungus. As a result a large top was produced and tubers 
formed in the axils of the leaves. 


PLATE IX. ‘Little Potatoes’’ and ‘‘Aerial Potatoes’’ produced 
by ringing the main stem. August 24. 


PLATE X. ‘‘ Little Potatoes”’ and ‘‘Aerial Potatoes’’ produced 


by removing all potatoes twice during the season. August 24 and Sep- 
tember 2. 


PLATE XI. Fic. 1. Three green potato stems inoculated with 
cultures of Rhizoctonia. One completely cut off, the others nearly girdled. 


Fig. 2. Two tuber stems inoculated as above. Both cut off by 
the fungus at the discolored point. All natural size. 


_ PLATE XII. Green stems inoculated with cultures of Rhizoc- 
tonia. One cut in two, the others badly injured. Natural size. 
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INSECTS AND INSECTICIDES. 


C. P. GILLETTE. 


Bulletin 47, treating of “Colorado’s Worst Insect Pests and 
Their Remedies,” is out of print. As there is much demand for a 
bulletin of a general nature treating of the insects that are most 
injurious in Colorado, and the methods by which they may be 
destroyed or kept in check, the present publication has been 
prepared. In the first part of the bulletin, dealing with insects 
injurious to Colorado fruits, it has been the plan to treat the more 
common insects only, and to treat each as briefly as possible and 
still give the necessary information to enable the farmer or horti- 
culturist to decide what insect is doing the injury in a particular 
case, and what remedies he should use. The object of the second 
part of the bulletin, treating of the “Preparation and Use of the 
More Important Insecticides,” is well stated in the title. Many sub- 
stances that are rarely used, and others which are of little or no 
value, are not mentioned. 

The insecticides are numbered in the order in which they are 
taken up. They are also referred to by number in the first part of 
the bulletin, which makes it easy to refer to them. When more 
than one remedy is mentioned, they are given in the order of their 


preference. 


PAR 


INSECTS INJURIOUS TO THE APPLE. 
ATTACKING THE FRUIT. 


CODLING MOTH. 


Flesh-colored larvee eating into the fruit and causing wormy 
apples. The first brood of larvee (worms) begin eating into the 
fruit when early apples are about an inch in diameter. This brood 
is not very numerous, but it develops into a second brood about 
seven weeks later which is very much more numerous. The moth 
and its eggs are shown at Plate I. Figs. 3 and 4. 


Remedies.—The arsenical poisons are, by far, the best remedies we have 
for this insect. See remedies 4, 3, 6, 8, 7, 5. 

The combination of Bordeaux mixture (8) with the arsenites is very popu- 
lar farther east where fungus diseases are prevalent. The writer believes there 
is no occasion as yet to use Bordeaux mixture upon apple trees in Colorado 
except for the purpose of causing the poison to adhere better to the foliage. 

Make the first application as soon as the blossoms have faded and nearly 
all fallen. Continue the application till every calyx (blossom) is filled with the 
liquid. Repeat the application in one week. If heavy storms follow to wash out 
the poison, make a third application as soon as the storm is over. Upon the 
thoroughness of the first and second applications the success will chiefly depend. 
Just what degree of success may be expected from later applications has not 
been thoroughly determined. *Professor Cordley, of Oregon, seems to have proven 
that late spraying is very important in that State. 

Bandages (36) are also of considerable service if carefully attended to. 
Lights to trap the moths are valueless. Screen cellar windows and doors where 
fruit is kept. 

Plate II., Fig. 1, shows blossoms from which the petals have 
fallen and also small apples with their blossoms (calyces) tightly 
closed, so that little or no spray could be forced into them, all upon 
a single spur of a Duchess tree at one time. The blossoms at (a) 
are in just the right condition to receive and hold the poison. The 


two apples should have received the spray a full week earlier. 


ATTACKING THE FOLIAGE. 
LEAF-ROLLERS, 


The fruit-tree leaf-roller (Cacwcia argyrospila) is a green larva 
with a black head and measuring about three-fourths of an inch in 
length when fully grown. The larvee begin to hatch with the open- 
ing of the buds of the apple trees in the spring. They attack at 


*Bull. 69, Or. Exp. Station. 
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once the tenderest leaves and fold them about themselves for protec- 
tion. When abundant they may completely defoliate the trees. 
They disappear during June and do not appear again until the 
following spring. In the meantime the eggs may be found in little 
gray patches anywhere upon the bark of trunk or limbs. See 
Plate I., Fig. 5. 


Remedies.—Crush as many as possible of the egg-patches during winter 
and early spring. The best remedy is to spray thoroughly with one of the 
arsenites (4, 3, 6, 8,5) as soon as the first leaves are out. Repeat in one week. 
Make a third application in another week or ten days if it seems necessary. 

Protect the toads and insectiverous birds, as both feed freely upon the 
rollers. The blackbirds are especially destructive to them. 


FALL WEB-WORM. (Hyphantria cunea.) 


This insect is often mistaken for the next species. The webs are 
larger and loose or open and the caterpillars stay in them to feed. 


Fic. 1.—Fall Web-worm: «a and b, caterpillars; c, chrysalis; d, moth. 
(Howard, Yearbook, U.S. Dep. of Agriculture, 1895.) 


When the leaves within the tent are devoured, the web is extended so 
as to take in more foliage. These tents also appear later in the season 
than those of the following species. They will seldom be noticed 
before the middle of July. The adult insect is a white moth, some- 
times speckled with black. See Fig. 1. 
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Remedies.—The same as for the following species except that it is not 
practical to collect the eggs which are deposited upon the leaves. 


TENT CATERPILLAR. (Clisiocampa fragilis.) 


This insect also hatches as soon as the leaf buds open, and 
builds small webs in the forks of the branches. A large number of 
caterpillars inhabit a web or tent, which is increased as necessity 
requires. See Plate IL., Fig. 1. 


Remedies.—While the foliage is off, collect the large egg-clusters which 
are stuck to small limbs. They are covered with a dark, spongy material and are 
quite readily seen, appearing as galls or swellings of the limbs. If this remedy 
has been neglected, spray with the arsenical mixtures (4, 3, 6, 8,5). While the 
tents are small they may be cut out and burned if on small limbs. If on large 
limbs they may be burned out with a torch. 


APPLE FLEA-BEETLE. (Haltica sp.) 


The apple flea-beetle is a small metalic-green insect, about an 
eight of an inch,in length, which jumps or drops from the foliage 


when disturbed. It is most abundant on young trees or nursery 
stock or sprouts. 


Remedies.—Any of the arsenical mixtures (3 to 8) are effectual in destroy- 
ing this insect or driving it from the foliage. It can usually be driven from the 


leaves by the application of dry substances, such as lime, ashes, plaster, 
ete. (82, 33). 


BROWN MITE. (Bryobia pratensis.) 


The brown or clover mite is extremely small and its presence 
is usually first detected by the faded, sickly appearance of the 
foliage. See Plate III., Fig. 1. The trees appear to need more 
water. The mites feed upon the leaves but deposit their rust-colored 
eggs upon trunk and limbs. When very abundant, these eggs color 
the bark red, which is most often noticed during winter. 


_ Remedies.To destroy the eggs while the trees are dormant (during 
winter), use lime, salt and sulfur mixture (21); kerosene emulsion (14), quad- 
ruple strength; whale-oil soap (12), quadruple strength, or crude petroleum (16). 
To kill the mites during summer use kerosene emulsion or whale-oil soap of ordi- 
nary strengths. It is far better to treat the eggs. 


APPLE PLANT LoUSE. (Aphis mali.) 


A green aphis curling the leaves of apple trees, most abundant 


late in the season, after the middle of July. See eggs on apple 
twig, Plate IIL. Fig. 4. 


Remedies —For the destruction of the eggs, proceed as for the destruction 
of the eggs of the brown mite above. To destroy the lice, apply kerosene 


emulsion (14), or whale-oil soap (12), thoroughly and in a ma to bri he 
liquid in contact with the bodies of the lice. : Pe ae ae 


SCALE INSECTS. 


For the treatment of scale insects it is advisable, in each case, 
to write to the Experiment Station for specific directions. Specimens 


PEATEs: 


Fra. 1—Western Tent-caterpillar: A, female moth; B, C, males. D, apple twig with ege 
masses (M). F,cocoon. 3, egg-mass of American Tent-caterpillar. Life size, 

Fie, 2—Cottony Maple scaie: A, scales mostly hidden by secretion. Life size. 

Fie. 3—Codling moth: A, wings closed; B, open. Enlarged about 4. 

Fie. 4—Apple showing white egg of Codling Moth (under letter F’. Life size. 

Fic. 5—Fruit tree leaf roller: A, moth, wings open; B, closed. C, D, egg patches, hatched. 
All life size. 

Fic. 6—Pear with Howard’s Scale. The young appear as minute white specks. Life size. 
Figures from photos by the author. 


PLATE 2. 


Fre. 1—Blossoms from which the petals have fallen and still in good condition to receive 
spray. Also apples with the calyces closed. : ; 
Fie. 2—Spraying scenein orchard of Mr. Bergher, Palisade, Colo. Photos by the author. 


the 
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of the scale should also be sent. Otherwise, use the treatment rec- 
ommended for San Jose scale. See further on. 


GRASSHOPPERS. 


Several species. Those that fly from tree to tree can probably 
be managed best by means of arsenical sprays (3 to 8), when safe to 
use them. 

Those that crawl up the trunks into the trees and jump to the 
ground when disturbed, can be quite largely kept out of the trees 
by arsenic bran-mash (2) used freely about the border of the 


) 


Fria. 2.—Hopper-dozer or Hopper-pan. (After Riley.) 


orchard, and by sticky bands (38) of Raupenleim or printer’s ink, or 
even cotton batting, about the trunks of the trees. If the Raupenleim 
or printer’s ink is used, it should be spread upon a strip of cardboard 
which has first been 
wrapped about the trunk. 

Grasshoppers that 
injure orchards usually 
come from adjoining al- 
falfa or grass fields. In 
such cases the free use of 
the hopper-pan (37) in 
the alfalfa or grass field 
is the best remedy. One 
of the hopper-pans is 
shown at Fig. 2. At 
Fig. 3 female grasshop- 
pers are shown in the act 
ground: a,a, females with their abdomens in the of depositing eggs in the 


ground; 6, an egg-pod broken open; c, scattered eggs ; 
d, egg-packet in the ground. (After Riley.) ground. 
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ATTACKING TRUNK AND BRANCHES. 


BORERS, FLAT-HEADED. 
(Chrysobothris femorata.) 


A whitish grub boring be- Seu 
neath the bark of apple and other Bx 
trees and peculiar in appearance \t 
in seeming to have a greatly en- 
larged flat head. Fig. 4. 


= Remedies.—Remove with a pocket 
knife whenever found. Protect the Ne Se 
south side of the trunks of the trees Fre. 4.—Flat-headed Apple-tree Borer: a, 
from the sun’s heat, either by shading flat-headed larva; b, the mature beetle; c, 


ite- ‘ : head of mature beetle; d, pupa. All twice 
or white washing during late winter and natural size. (Chittenden, Circular 32, 


spring. U.S. Dep. of Agr., Div. of Entomology.) 


APPLE TWIG-BORER. (Amphicerus bicaudatus.) 


A cylindrical, mahogany-colored beetle, about one-third of an 
inch long, boring holes in twigs of apple, pear, cherry and other 
trees and grapevines. See Fig. 5. 


Fic. 5.—Apple Twig-borer: a, beetle dorsal view; a/, beetle side view; b, pupa from beneath; 
c, grub, side view; d, apple twig showing burrow; e, burrow in tamerisk with pupa at 
bottom; f, stem of grape showing burrow. All enlarged except stems showing burrows. 
(Marlatt, Farmer’s Bulletin 70, Div. Ent., U.S. Dep. of Agr.) 


Remedy.—Cut out the infested stems and destroy the borers. 


INSECTS AND INSECTICIDES. it 


BUFFALO TREE-HOPPERS. (Ceresa sp.) — - 


Three-cornered, greenish to brownish insects, about a third of 
an inch in length. They jump when disturbed and puncture twigs 
of trees and stems of plants for the deposition of their eggs. From 
these punctures oval scars result. See Plate III, Fig. 3. 

Kemedies.—Infested twigs may be pruned away and burned. Probably 


clean culture is the best remedy. Keep down all weeds and unnecessary vegeta- 
tion in and about the orchard. 


SAN JOSE SCALE. (Aspidiotus perniciosus.) 

This insect is very easily overlooked and may be present in 
sufficient numbers to kill trees before its presence is discovered by 
the orchardist. They may infest trunk, twig, fruit, or foliage. The 
scale is nearly circular, about one-sixteenth of an inch in diameter, 
dark gray in color with a rust-red spot at the center. Anyone find- 
ing such scales upon any tree should send examples at once to the 
Experiment Station for examination, as there are several species 
closely resembling each other in outward appearance. As yet this 
scale is unknown in Colorado orchards. See Plate I., Fig. 6, which 
shows a closely related species on pear. 

Remedies.—Spray with lime, sulfur, and salt mixture (21) while the trees 
are dormant. Or, spray with whale-oil soap (12) in the proportion of two pounds 


to a gallon of water, or with crude petroleum (16) during winter. If trees are 
very badly infested, it will often be best to cut and burn them. 


PUTNAM’S SCALE. (Aspidiotus ancylus.) 


Very closely resembling the preceding species. Remedies 
the same. : 


SCURVY BARK-LOUSE. 
(Chionaspis furfurus.) 


Small white scales resem- 
bling scurf or dandruff on the 
trunk or branches. There are 
two sizes, the females are larger 
and oval, and the males are 
very small and slender. See 
Fig. 6. 

Remedies same as for the Fie. 6.—Seurvy Bark-louse: 8 twig showing 
San Jose scale. eee mecpomy tele 


larged; d. scale of male greatly enlarged. 
[Howard, Yearbook, U.S. Dep. of Agr., 1894. ] 


OYSTER-SHELL BARKK-LOUSE. (Mytilaspis pomorum.) 
Seales of the same color as the bark of the tree, about one- 
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eighth of an inch long, curved and small at one end. Very easily. 


overlooked. See Fig. 7. 


Remedies the same as for the San Jose scale. 


Fria. 7.Oyster-shell Bark-louse: a, fexale scale from below,showing eggs 
greatly enlarged; b, the same from above; c, female scale on twig, natural 
size; d, male scale enlarged. | Howard, Yearbook, U.S. Dep. of Agr., 1894. ] 


WOOLLY PLANT-LOUSE. 


(Schizoneura lanigera.) 


Small dark lice more or less densely covered with a white: 
flocculent secretion. If the lice are crushed in the hand they leave 
a red stain. The lice attack chiefly tender bark about wounds or 


on tender growing shoots. 


Remedies.—EKarly in the sea- 
son, when the white patches begin 
to appear on trunk and branches, 
paint them over with pure kero- 
sene (16), crude petroleum, or a 
very strong kerosene emulsion (14), 
or whale-oil soap (12) mixture. If 
the lice become abundant late in 
the season, apply kerosene emul- 
sion or whale-oil soap in ordinary 
strengths but with a great deal of 
force and a coarse spray in order 
to wet through the waxy secretion 
which covers them. 


This insect also attacks 
the roots. See Fig. 8. 


Fra. 8.—Woolly Aphis, root form: a, small root. 
showing swellings caused by the lice; b, wing- 
less louse showing woolly secretion; c, winged. 
louse. (After Saunders.) 
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ATTACKING THE ROOTS. 
WOOLLY PLANT-LOUSE. (Schizoneura lanigera.) 


This insect attacks the roots as well as the trunk and branches. 
It causes warty excrescences and often the destruction of the greater 
portion of the smaller roots (Fig. 8). The description of the louse 
is the same as for the trunk form mentioned above. 


Remedies.—Remove the earth about the crown for a distance of about two 
feet, put in four to six pounds of tobacco dust (or double this amount of stems) 
and cover again; then irrigate. If tobacco can not be procured, use kerosene 
emulsion (14) or whale-oil soap (12) of the ordinary strengths in its place, pouring 
in a liberal quantity. : 


INSECTS ATTACKING THE PEAR. 


Any of the insects mentioned above as attacking the apple may 
be found attacking the pear, except the woolly plant-louse, and the 
same remedies should be employed. 


PEAR-TREE SLUG. (Hriocampa cerasi.) 


Slimy dark-colored larvee 
with the head end much the 
larger, somewhat resembling 
snails, resting upon the upper 
surface of the leaves, which 
they skeletonize. See Fig. 9. 

Remedies.— Apply white 
hellebore, or any of the arsenical 
mixtures (3-8), by dusting or 
by spraying. Freshly slaked lime 
(20) or wood ashes (82) freely 
dusted upon the larve will kill 
many of them. 

This is an easy insect to 
control and should not be 
allowed to continue the seri- 


Fic. 9.—Pear-tree Slug: a, adult fly; b, larva or ous injuries to the pear, plum 


slug with the slimy covering removed; c, same and cherry in this State that 
as preceding in natural condition; d, leaves ., E 

showing slugs and their injuries. (Marlatt, Cir-  1t has been doing the past 
cular 26, Second Series, U. S. Dep. of Agr., Div. f 

Entomology. ew years. 


PEAR LEAF-BLISTER. (Phytoptus pyri.) 


Small dark spots upon the leaves, sometimes very abundant 
and involving the greater portion of the surface. The diseased 
portion is thickened also and at first is green like the rest of the 
leaf. The leaves often fall prematurely. 
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Remedies.—Spray the trees while dor- 
mant with kerosene emulsion (14), treble 
strength; whale-oil soap (12), one pound to two 
gallons of water; or with lime, salt and sulfur 
mixture. Gather and burn as many of the 
fallen leaves as possible. 


HOWARD'S SCALE. (Aspidiotus howardt.) 


Was found attacking pears badly 
in an orchard near Delta, Colo., last 
summer. This is a close relative of 
the pernicious, or San Jose scale, but, 
so far, has been known only upon plum 
and pear. Pears, or any fruit affected 
with scales, should be reported prompt- 
ly to the Experiment Station. 


See Fig. 10.—Plum Gouger: a, plum pit 


j showing hole for exit of gouger; 

Plate I, Fig. 6. : b, gouger; c, side view of head of 
Remedies.—The same as for San Jose gouger encuane Pere ane Barn: | 
scale mentioned under apple insects. Riley & Howard, Insect Life, Vol. 


II., U. S. Dep. of Agr., Div. of En- 
tomology. 


INSECTS INJURIOUS TO THE PLUM. 
ATTACKING THE FRUIT. 


PLUM GOUGER. (Coccotorus prunicida.) 


A small but rather robust snout-beetle about a quarter of an 
inch in length; color a leaden gray witb head and thorax och- 
erous yellow; wing covers smooth without prominent humps 
on them. The beetle eats pin-holes in the growing plums in 
which it lays its eggs. The larva or grub eats into the pit and 
flesh on the kernel and later eats a hole out through both pit and 
flesh of plum just before the plum matures (Fig. 10). Attacks the 
red, or Americana varieties only. Only insect in Colorado injuring 
the fruit of the plum to any extent. 

Remedies.— Jar the trees early every morning, or in the evening, from 
the time the blossoms are out till very few beetles can be obtained, catching 
them on a sheet spread beneath. It only takes a very few beetles to do a 
great amount of harm, as I have found by actual count that a single female 
may lay as many as 450 eggs.* Gathering and destroying all stung plums during 
the early part of July would nearly exterminate this insect. Spraying with an 
arsenical poison (4, 3, 6, 7, 5,8) once, a few days before the trees blossom, and 
once or twice after, will give considerable protection. Use the poisons in two- 


thirds ordinary, or standard strengths. Arsenate of lead (5) is probably the safest 
to use on the foliage of the plum. 


PLUM CURCULIO. (Conotrachelus nenuphar.) 


This beetle is often confused with the preceding. As yet it has 
not been reported in Colorado. It is liable any year to appear in 


*Insect Life, III., p. 227. 
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our orchards and all should be on the look out for it so as to do all 
possible to stamp it out or prevent its rapid spread. It is to the 
European varieties of plums what the codling moth is to the apples, 
only worse. The beetle is brown to blackish in color, is about one- 
fifth of an inch long and has two prominent humps and numerous 
smaller ones upon its wing covers. The beetle makes a crescent- 
shaped cut in the flesh of the fruit where an egg is deposited and 
the grub does not enter the pit but feeds on the flesh outside of it, 
causing the fruit to fall. 

Remedies.—Jarring and spraying as in case of the preceding species. 

Should anyone find what he thinks to be the work of this 
insect in his orchard, it is hoped he will notify the Experiment 
Station at once. 


ATTACKING THE FOLIAGE. 
FRUIT-TREE LEAF-ROLLER. (Cacecia argyrospila ) 


See under apple insects. Use the poisons only two-thirds as 
strong on the plum as on the apple. Arsenate of lead is probably 
least likely to injure the foliage. 


SLUGS. 


Skeletonizing the upper surface of the leaves. See pear-tree 
slug. Use the same remedies. 


BROWN MITE. 
See under apple insects. Remedies the same. 
PLANT LICE. 


Two or three species attack the foliage of the plum badly in 
Colorado. Remedies the same as for apple plant-louse. 

Other insects attacking apple foliage may be found on plum, 
where they are destroyed by the same treatment in either case. 


ATTACKING TRUNK AND BRANCHES. 
THE PEACH BORER. (Sannina exitiosa.) 


This insect often attacks the plum. For its treatment see 
peach enemies. 

FLAT-HEADED BORER. 

See under apple enemies. 

' SCALE INSECTS. 

See under apple enemies. When scales are found it will be 
well to send specimens to the Experiment Station for identification 
and advice. Howard’s scale and Putnam’s scale both occur on 
plum in the State. They have been injuriously abundant in a few 
isolated cases only. 
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INSECTS INJURIOUS TO THE CHERRY. 


The insects attacking the cherry in Colorado are the Fruit-tree 
Leaf-roller, Tent Caterpillar, Fall Web-worm, Brown Mite, Plant 
Lice, Scale Insects, Grasshoppers, Flat-headed Borer, Twig Borer, 
Buffalo 'Tree-hoppers and Pear Slug mentioned above. 


INSECTS INJURIOUS TO THE PEACH. 
PEACH TWIG-BORER. (Anarsia lineatella.) 


This is the worst peach enemy in Colorado at the present time. 
As soon as the buds begin to open in the spring, a small brownish 
larva with a black head eats into the buds and destroys them. 
When the new shoots start, the borer eats into them causing them 
to wilt and die. Many of the second brood of this borer eat into 
the peaches, causing a gummy exhudation and ruining them for 
market. The larve that appear in the spring spent their winter in 
little excavations which they made in the fall in the bark of the 
trees. See Figs. 11 and 12. 


Remedies. — Early in the spring, just before the buds open, spray the 
trees with lime, salt and sulfur wash (21), whale-oil soap (12) in the proportion 
of a pound to two gallons of water; fish-oil soap (13) diluted once with water, or 
kerosene, will doubtless do the work nearly or quite as well as the lime, 


sulfur and salt. Many of the larve may be caught under bandages (36) used 
as for the codling moth. 


Fie. 11.—Peach Twig-borer: a, twig of Fic. 12.—Peach Twig and Borer: a, young 


peach showing little masses of chewed shoot wilting from attack of borer; 6, 
bark above the larval burrows; 6, the adult larva enlarged; c, chrysalis en- 
same enlarged; ¢, larva in winter burrow, larged; d, tail end of chrysalis showing 
enlarged; d, hibernating larva greatly hooks. (Marlatt, Bulletin 10, N.S.,U.S 
enlarged. (Marlatt, Bulletin 10, N. S., Dep. of Agr., Div. of Entomology.) 


U.S, Dep. of Agr., Div. of Entomology). 


THE PEACH BORER. 


A yellowish white borer attaining the length of about one 


inch, boring beneath the bark of the lower trunk and larger roots. 
See Plate IV. 


PLATE 3. 


Fic. 1—Grape leaf showing bleached appearance due to”’grape-leaf hopper (Typhlocybu 
comes). 

Fic. 2—Eight-spotted Forester (Alypia 8-maculata) : A, moth; B, larva. Nearly life size. 

Fie. 3—Apple twigs injured by Buffalo Tree-hopper (Ceresa sp.) Life size. Photos by author 


Fria. 3—Peach tree with wire screen, 
; All after Slingerland, (Bull. 176, Cor- 
Fic. 2—Peach tree bandaged with paper. nell Expt. Station.) 


PLATE 4. 
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Remedies. Carefully inspect the trees every fall and spring, remove some 
of the earth next the crown, and search for and remove the borers with the aid 
of a pocket knife. Their presence is usually indicated by the exhudation of a 
gummy material upon the bark. Shields of stout paper or wire screen placed 
about the trunks and left there from the Ist of May till the 10th of July will 
serve as a means of protection from egg-laying. The paper screen is the better. 
(See Plate IV., Figs. 2 and 3. 


PLANT LICE. 


The plant lice that attack the foliage of the peach may be 
treated in the same way as the apple plant-louse mentioned above. 
The black peach aphis, which does its chief injury to the roots, 
should be handled in the same manner as the woolly louse of 
the apple. 


INSECTS INJURIOUS TO THE GRAPE. 


THE ACHEMON SPHINX. (Philampelus achemon.) 


Hairless caterpillars devouring the leaves. When small, the 
caterpillar have each a long dorsal spine on the last segment of the 
body. When nearly grown, the spine is represented by a shining 
black spot. These larvee resemble the large tomato “worm.” 


Remedies.—Any of the arsenical poisons may be used as recommended for 
apple leaf-rollers. Pyrethrum (24) may also be used as a powder or spray, but to 
kill it must come in contact with the caterpillars. Hand picking is the best 
remedy in a small vineyard. 


This insect is also bad on Virginia creeper. 
THE EIGHT-SPOTTED FORESTER.  (Alypia octomaculata.) 


A dark-colored caterpillar, about one and one-half inches long 
when fully grown. A close examination will reveal numerous 
small black and white cross lines and a few red ones to each body 
segment. See Plate III, Fig. 2. 

Remedies.—The same as for the preceding species. 

This insect also infests the Virginia creeper. 


BORER. 
See apple twig-borer, which also attacks the grape. 
TREE CRICKETS. [ Ucanthus sp. | 


The female cricket punctures stems of grape and other plants 
and in each puncture deposits a long cylindrical egg. The punc- 
tures are usually in rows lengthwise of the stem and look like 
needle thrusts. 

Remedies.—Cut out badly infested stems. Keep the vineyard clean of all 
weeds. 

corrony scALE. [Pulvinaria innumerabilis. | 

This scale, commonly found infesting soft maple, sometimes 

attacks grapevines. See Plate I., Fig. 2. 


Remedies.—When the little lice first hatch from the scales, about the last 
of June, the ordinary sprays of kerosene emulsion (14) or whale-oil soap (12) will 
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destroy them. If the spraying is delayed till a heavy scale has formed over the 
lice, stronger applications will be required. 


GRAPE FLEA-BEETLE. [ Graptodera chalyba. | 


A small steel-blue beetle appearing early in the spring and 
again in midsummer and feeding upon the foliage. The beetles 
deposit eggs which soon hatch into small dark-colored larvee which 
also eat holes in the leaves. 

Remedies.—Arsenical poisons (3-8) sprayed or dusted upon the foliage. If 
unsafe to use poisons, dust freely with Pyrethrum (24). 

GRAPE LEAF-HOpPPERS. [ Typhlocyba sp. | 


Small jumping and flying insects, often called “grape thrips.” 
The insects often fly out from the vine in great numbers when the 
latter is jarred and return quickly to the under side of the leaves. 
Asa result of the punctures and the extraction of the sap, the 
leaves lose their dark green color and at first are minutely specked 
and freckled with white, as shown at Plate IIL, Fig. I. Later the 
leaves shrivel and die. The red spiders, brown mites and thrips 
cause a similar appearance of the foliage they attack. 


Remedies.—_Spray forcibly with kerosene emulsion (14), kerosene and water 
(16), or whale-oil soap (12) very early in the morning while the insects are 
dormant and drop readily from the leaves. Burn dry leaves, dead grass and 
other rubbish in the vicinity of the vineyard during winter or early spring, on a 
cold day. 


GRASSHOPPERS. 

Remedies._Use arsenical spray (8-8) where safe. If not safe to spray, use 
the arsenic-bran mash (2) freely about the borders of the vineyard and about the 
vines. Make free use of hopper-pans (37) in adjoining fields to reduce the num- 
ber of hoppers before they reach the vineyard. Plow or thoroughly harrow the 


ditch banks and the borders of the field late in the fall to destroy as many of 
the eges as possible. 


INSECTS INJURIOUS TO THE CURRANT. 


IMPORTED CURRANT-BORER.  [Sesia tipuliformis. | 


Yellowish white larvee burrowing in stems, giving rise to wasp- 
like moths in June. The moths closely resemble those of the peach 
borer, shown at Plate IV., Fig. 1. 

Remedies.—Cut out the infested stems and burn them during winter or 
early spring. Also keep the old wood well trimmed out of the bushes. 

CURRANT SAW-ELY. - [ Pristiphora grossulariz. | 


A green larva, about half an inch long when fully grown, 
feeding upon the leaves of currant and gooseberry bushes. Appear- 
ing late in June and again about the last of August. The adult 
insect is a black four-winged fly about the size of a house-fly. The 
eggs are deposited, one in a place, under the epidermis of the 
leaves. 


Remedies.—The best remedy for this pest is white hellebore (9) dusted 
ightly over the foliage in the evening. If this is carefully done, nearly every 
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larva can be found dead under the bushes next morning. Arsenical sprays (3-8) 
may be used either dry or in water, as for other leaf-eating insects. These poisons 
should not be used before the currants are picked. Pyrethrum (24) may be 
safely used at any time. 


INSECTS INJURIOUS TO THE STRAWBERRY. 


STRAWBERRY LEAF-ROLLER.  [ Phoxopteris fragariz. | 
Small brownish or green- 


yon ish larvee attaining a length of 
ZA nearly half an inch and having 
‘a’ the habit of folding the leaves 
of the strawberry. In these 


folds the larva lives and feeds 
Fic. 183.—Strawberry Leaf-roller: a, larva, nat- and finally changes to a small 


ural size; b, head end of larva enlarged; ce, yyst-colored moth with white 
moth about twice natural size; d, tail end 


of larva enlarged. (After Saunders.) markings on the wings. See 
Figs. 13, 14. 


Remedies. — When the 
fruit has been gathered, scatter 
straw over the vines and burn 
it. Arsenical sprays (3-8) may 
be used, but the worms are so 
protected in the folded leaves 
that it is difficult to get a poi- 
sonous dose to them. The 
vines will put up a good growth 
of tops after the burning, if it 
is not done too late. 


STRAWBERRY CROWN BORER 
[ Tyloderma fragarie. | 


A small yellowish 
white grub boring into 
the crown of the plant 
during summer. 


Remedies. — Burning as 
for the preceding species will 
destroy a large proportion of 
the borers. Do not allow the $ 
plants to become very old, but * 
plow frequently as soon as the 
berries are picked and start a 
new bed at some distance from 


the old one. Poisons are of Fig. 14.—Strawberry leaves showing their appearance 
doubtful value. after being folded by the roller. (After Weed.) 
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INSECTICIDES. 


THEIR PREPARATION AND USE. 


In order to be able to apply insecticides intelligently and with 
success, it is important to understand something of the habits of the 
particular insects to be destroyed and also of the nature of the rem- 
edies to be used. Many insects, like grasshoppers and the potato 
beetle, devour the surface tissue of plants, while others, like plant- 
lice, squash-bugs, and scale insects, insert sharp tubular beaks into 
the tissues of plants and suck the sap from beneath the surface. 
Insects of the first class may nearly always be destroyed by means 
of food-poisons, such as arsenic, Paris green, hellebore, etc., while 
those of the latter class are unaffected by food-poisons and have to 
be killed by substances that come in contact with the surface of their 
bodies, or in some other manner. It is not necessary to be a skilled 
entomologist in order to determine which class of insects are doing 
injury to the plants in question. If the leaves are ragged or eaten 
full of holes, it is practically certain that the injury is being done 
by an insect with biting mouth-parts. If the leaves simply wilt 
and dry up without having the tissue eaten away, the insect doing 
the injury is of the second type mentioned. The most common 
remedies for this class of insects are kerosene emulsion, whale-oil 
soap, crude petroleum, and lime-sulfur and salt washes. 

In many cases it is impossible to get an insecticide upon the 
insect that it is desired to kill, or upon its food, and then other 
means have to be used to prevent the injuries. Borers, under- 
ground feeders upon roots, and weevil living in seeds, are examples 
of such insects. 

In the pages that follow I shall not attempt to treat of all the 
methods used to destroy insects or avoid their injuries, but the more 
important ones only. 


SUBSTANCES THAT KILL BY BEING EATEN. 


Nearly all the food-poisons have for their active principle 
arsenious acid, or white arsenic (AS, O03). White hellebore and 
borax are about the only exceptions. 
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1. WHITE ARSENIC. 


While this is the cheapest of the arsenical poisons, it is used but 
little, except for the purpose of making arsenical compounds with 
other substances, such as lime, copper and lead. Because some 
States have passed laws requiring a high percentage of arsenic in 
Paris green, arsenic has been used as an adulterant of Paris green 
and thereby working an injury to the purchaser if not a benefit to 
the manufacturer of it, because arsenic is much cheaper than Paris 
green, and when it is mixed with the latter it greatly increases its 
hability to burn foliage. The reason that white arsenic burns 
foliage badly is it dissolves in water and, when in solution, it pene- 
trates the. leaves and kills the living tissue. Arsenical mixtures 
must never be in solution, but only in suspension, in the water that is 
used to distribute them upon foliage. 


2. ARSENIC BRAN-MASH. 


Prepared by mixing one pound of arsenic and six to ten pounds 
of bran together, with just water enough to thoroughly moisten the 
mass. Some prefer to add a pound of sugar to the above in order 
to cause the particles of bran to adhere to each other, so that it may 
be distributed in little balls pressed together with the hands or with 
a paddle. This poisoned bran is used for the destruction of grass- 
hoppers in orchards and vineyards where it is not possible to use a 
hopper-pan. 


3. PARIS GREEN. 


This poison in a pure state is said to be composed of three sub- 
stances—arsenious acid, acetic acid, and copper oxide—united in a 
chemical combination. The percentage of arsenic may vary con- 
siderably, as these substances do not always combine in exactly the 
same proportions. The range is nearly always hetween 55 and 60 
per cent arsenic, with an average of about 58 per cent. *Mr. J. K. 
Haywood, one of the chemists in the Department of Agriculture at 
Washington, D. C., says that the chemical composition of Paris 
green should be: 


Per cent. 
ENTS OUT ACTO aera aie aete eee ee a ee O nines teres oe on ea OLOD 
Gioj el aSie On: dIC Vie praboeist oc shes ack Dotitnde oh vetons A cnrameonmrn ares oy 
PN GOU GRACO Naa) Satna e Dee NR eh Te apctac Gres, Lee see 10.06 


Pure Paris green is one of the very best of the arsenical com- 
pounds for the destruction of insects, and the reports of many 
analyses in different States do not indicate that this poison is often 
found greatly adulterated upon the market. If adulteration is sus- 
pected, or if the poison is being purchased in any considerable 
quantity, it is advisable to test its purity in some way. Pure Paris 


*Warmer’s Bull. No. 146, U.S. Dept. of Agr. 
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green is entirely soluble in ammonia, giving a clear blue liquid. If 
any particles can be seen floating through the liquid or settling to 
the bottom, the article is not pure. If the ammonia dissolves all, 
there can be little doubt that it is pure. This is a test that anyone 
can make. The particles of Paris green are entirely bright green in 
color and globular in form, and the presence of an adulterant can 
be most easily detected under a microscope of moderate power. 
Prof. Woodworth of the University of California explains another 
method by which impurities can usually be detected in Paris green. 
It is by placing a small amount of the poison on a clean piece of 
glass and then slanting the glass and jarring it so as to cause the 
powder to slide to the lower side. If this is done carefully the 
adulterants, which are not green in color, will fall behind and can 
be detected with the unaided eye. 

Where there are several persons in the same neighborhood 
wanting this poison, it is best for all to order together and then send 
a sample to a chemist for analysis. Ifa good number unite in this 
way the Station chemist, most likely, would be willing to make the 
test free. 


Application of Paris Green to Plants——The arsenica] mixtures 


are usually applied in a watery spray, and the most common 
strength is: 


Parisigreenh.y ck Wine posteet can ee eee eee 1 pound 
Water sedi tee sacs cote setae aa erties eee 160 gallons 
Tiumip limes(ireshlycclalked) |v. eam ee eee 2 pounds 


On very sensitive foliage, like that of the peach, apricot, nec- 
tarine and bean, it would be safer to use 200 gallons of water to a 
pound of the poison. A pound to 100 gallons is quite safe for appli- 
cations upon apple, cherry, cabbage, beets, potatoes, and most other 
trees and plants in the dry atmosphere of Colorade. The poison 
always should be placed in a small quantity of water first and 
thoroughly stirred in and then poured into the full amount of 
water to be used. 

The chief objection to the use of Paris green as an insecticide 
is its high specific gravity, which causes it to settle rapidly in 
water. Pumps used to apply this poison always should have some 
means of keeping the water well stirred. 


Dry applications may be made in various ways. Sometimes 
the poison is used pure, in which case the lightest possible dusting 
is made over the plants. It is usually better to dilute the poison 
with about twenty times its own weight of flour, plaster or lime, 
when a more liberal dusting may be made. This method is more 
economical of the poison and enables one better to tell when 
all parts of the plant have been treated. A good proportion is: 


Paris\ STO@CNwect.cqchaseehue cee eee 


sous Soon Jl Taxol 
Common flour 


=nSieis ayn erehe ate ete te Re) er ra: 
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The advantages of flour over lime or plaster are, it helps better 
to stick the poison to the leaves and is not distasteful to insects. 
Particles of poison imbedded in a mass of plaster or lime would 
probably be avoided by most insects. Filling the blossom ends of 
apples with lime mixed with poison will drive the worms to eat 
their way into the apple, where they will probably escape the poison 
entirely. 

The methods of applying dry poisons are chiefly two. If low 
plants, like cabbages and tomatoes, are to be treated, and the area 
to be covered is not too great, a very satisfactory method is to make 
a small sack—about ten inches long by five inches in diameter— 
of strong cheesecloth or other light muslin, fill half full with the 
mixture of poison and flour and then shake or jolt the sack over 
the plants. 

Where large areas are to be treated, or where it is necessary to 
make the application to trees or high bushes, some kind of dust gun 
or bellows is an advantage. Powder guns of different kinds are 
upon the market and some of them are being extensively advertised 
at this time. These instruments have an important place to fill, but 
I doubt very much if they can take the place of the watery spray 
for large trees, and particularly for the application of poisons for the 
destruction of the codling moth. 


4. SCHEELH’S GREEN (GREEN ARSENOID). 


Scheele’s green, also sold as “ green arsenoid,” differs very little 
from Paris green in chemical composition, except in lacking the 
acetic acid. It is considered as effectual as an insect destroyer, and 
has a great advantage over Paris green in being much more finely 
divided, so that it remains in suspension in water for a much longer 
time. It is also cheaper in price. Dr. Marlatt, of the Division of 
Entomology, says it should replace Paris green as an insecticide. 

Apply either wet or dry, as recommended for Paris green. 


5. ARSENATE OF LEAD. 


This compound contains only about 25 per cent. of arsenic 
acid, but has some advantages over the other arsenical compounds. 
It is so completely insoluble in water that it may be used in almost 
any strength without injuring foliage and consequently is least 
likely to injure plants that are most sensitive to arsenical poisons. 
When suspended in water this poison takes the form of a flocculent 
precipitate that remains suspended a long time without settling, and 
consequently can be more evenly distributed than most arsenical 
mixtures. Its third point of superiority is in its adhesive qualities 
when applied to foliage. Applications made to foliage in the latter 
part of May at this Station could plainly be seen upon the leaves the 
first of September. The disadvantage of the poison is in its not 
being as destructive to the insects that eat it as are the other 
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arsenites, consequently it is necessary to use it in stronger mixtures. 

To prepare arsenate of lead, dissolve in water arsenate of soda 
and acetate of lead (white sugar of lead) in the proportion of three 
pounds of the former to seven pounds of the latter. Then use not 
less than two or three pounds of the combined chemicals to each 
hundred gallons of water. Three or four times this strength will do 
no harm to foliage. 


6. ARSENITE OF LIME. 


White arsenic and lime may be made to combine, forming an 
arsenite of lime that is practically insoluble in water. The poison 
may be prepared in either of two ways. What is known as the 
Kedzie formula is as follows: 

“Boil two pounds of white arsenic and eight pounds of sal- 
soda for fifteen minutes in two gallons of water. Put into a jug 
and label ‘poison, and lock it up. When ready to spray, slake 


two pounds of lime and stir it into forty gallons of water, adding 
a pint of the mixture from the jug.” 


The other method is to boil together arsenic, lime and water 
for a full half hour in the following proportions: 


Wii Ce"aT SONG sacanco ocr oes oes eee ee ee tee ....1 pound 
amp dimeit... Wh... aaa nee Eee eee POLUGLS 
NWVERUE olan Hak aaa Lauvons 


Then dilute to 200 gallons of water before applying to foliage. 


These preparations have become very popular in the past two 
years and deservedly so. White arsenic is cheap and consequently 
is in very little danger of adulteration, so: hat one is almost certain 
of the strength of his mixture when using this poison. Care must 
be taken, however, to use fresh, unslaked lime of good quality. 

Before being diluted for use, the mixture should be passed 
through a coarse cloth or sieve, to take out the lumps that would 
otherwise clog the spraying nozzle. 


7. LONDON PURPLE. 


London purple is a by-product in the manufacture of aniline 
dyes and has for its active principle arsenite of lime. It also con- 
tains some free arsenic, lime, coloring matter and other impurities. 
The amount of arsenic present is subject to considerable variation, 
but will usually range between 40 and 55 per cent. As there is 
often considerable soluble arsenic present, it is always best to use a 
pound or two of freshly slaked lime with every pound of the poison 
if used in water. 

This poison is finely divided and remains in suspension in 
water much longer than does Paris green, and it usually sells at 
about two-thirds the price of that poison. It seems to be going into 
disfavor because of its variable composition and the danger of its 
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burning foliage. It is also considered "somewhat less effectual in 
killing insects than is Paris green or Scheele’s green. It slrould 
compare favorably, however, with the prepared arsenite of lime in 
its power to kill insects, and there is little danger that it will be 
adulterated, as it is a waste product. 

Apply either wet or dry in the manner and in the same pro- 
portions as are previously recommended for Paris green, being sure 
to add a pound or two of freshly slaked lime for each pound of 
poison if used as a spray. 


8. BORDEAUX MIXTURE AND THE ARSENITES. 


Bordeaux mixture is a fungicide and is the substance most 
often used for the destruction of fungi that attack the surface of 
plants. It has been found to be of value for use against flea-beetles, 
and the writer also demonstrated its value a number of years ago as 
a medium in which to spray Paris green or London purple. These 
poisons can be used very strong in this mixture without injury to 
foliage and they do not in the least lessen its effect as a fungicide. 
Such a mixture will destroy both insects and fungi with one appli- 
cation. 

Bordeaux mixture may be prepared as follows: Take of 


KP OM DOM SULLA CC cura n ne vy eee eee MeN est Reg ie. eee ees “ep OUTAGES 
VU CRAGIN Caer AS AA Pe Oe ee emg et thee mee Renae eee 4 pounds 
ici Ramen Aaa nar. een i, STR care ates Shr eg VE, va OL Oa LONIS: 


Dissolve the copper sulfate in a gallon of hot water, slake the 
lime in another gallon of water, and then add the milk of lime 
slowly to the copper sulfate solution while the latter is being con- 
stantly stirred. Then add 43 gallons of water. 


If insects are to be killed at the same time, add to the above 
quantity of Bordeaux mixture one-third pound of London purple, 
Paris green or Scheele’s green. 


9. WHITE HELLEBORE. 


Hellebore, as obtained from drug stores, is a light, yellowish- 
brown powder. It is a vegetable poison and is obtained by pulver- 
izing the roots of a European plant, Veratrum album. It is not as 
poisonous as the arsenites and consequently is not as effective in the 
destruction of most insects, but it has its special uses. Slugs, which 
are the young of saw-flies, are particularly susceptible to its effects. 
The poisonous property is an alkaloid and it loses its virtue after 
being exposed to the air for a few days. For this reason it can not 
be used where it is likely to remain long before being eaten, and it 
must be kept in tight receptacles and must not be kept too long 
before using. It is often useful for the destruction of insects upon 
plants containing fruit that will soon be used for food. 

Dry applications are easily made upon low plants by making a 
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small cheesecloth sack, through which the dust may be sifted lightly 
over the foliage. The best time to apply is in the evening. 
In the wet way use 


White: Helle bores cies cote oe eee eee oe 1 ounce 
Waterin :25 a sbcadtcle Sac ae eee aoe See 3 gallons 


Apply as a spray in the evening. 
10. BORAX. 


Used chiefly for the destruction of cockroaches. Spread the 
powdered borax upon bread, sweet potato or banana peelings, or 
mix with sweetened chocolate, and place the bait where the cock- 
roaches can get at it. 


SUBSTANCES THAT KILL BY EXTERNAL CONTACT. 


Substances in this group are chiefly used against insects that 
take liquid food from beneath the surface of the plant by means of 
a tubular rostrum or beak, but they may be used against many 
other soft-bodied insects with success. Insects having a hard outer 
crust to their bodies resist these substances and are not easily killed 
by them. If insects are covered with a powdery or cottony material, 
the insecticide will have to be applied with considerable force to 
cause it to penetrate to the body. . Applications must always be 
thorough, because only those insects will be killed that have the 
substances thrown upon them. 


TRUSS SOA: 


The ordinary soft soaps and laundry soaps have long been 
used for the purpose of killing vermin on plants and animals, and 
they have considerable insecticidal value, particularly for the 
destruction of very tender insects, like plant lice. There are two 
kinds of soap that are specially useful for the destruction of insects, 
and these are whale-oil soap and fish-oil soap. 


12. WHALE-OIL SOAP. 


For ordinary plant lice one pound of the soap to eight or ten gal- 
lons of water is sufficient if the application is thorough. Double 
this strength will not injure most plants and is often required to 
destroy more resistent insects. For scale lice, like the San Jose 
scale for example, it is used as strong as a pound, or even two 
pounds, to a gallon of water. These strongest applications can only 
be used in the winter or early spring when the trees are dormant. 
The soap is more effectual if applied when quite hot. 


13. WFISH-OIL SOAP. 


Lodeman in his “Spraying of Plants” gives the following for- 
mula for the preparation of fish-oil soap: 
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OUSS Delp rent cx aveaye erat wi aie oes Oe Pe OR EE oe 1 pound 
ETSHEOU Neato 2 cnt Seen oe Ree ee On DIN eS 
pS CRI LUCIS Neate hart os nae ene ee eee callone 


Dissolve the lye in boiling water and then add the oil and boil 
for two hours longer. Before using dissolve a pound of this soap in 
from six to ten gallons of water. Use for the same purposes as 
whale-oil soap, and in the same strengths. 


14. KEROSENE EMULSION. 


This preparation is probably the best general purpose insecti- 
cide for the destruction of insects by external contact. The mate- 
rials composing it are always at hand and it is not difficult to 
prepare after one has had a little experience. Soft water should be 
used, if possible. If very hard water is used it may be necessary to 
“break” it first by adding washing soda or potash lye. 

To make the emulsion use the ingredients in the following pro- 


portions: 
STO coe oteryeo eee CAC cae SAS ETE SRS are ene Dea 1 pound 
TR OROSGL Ga Meter: Man Pe en en soe eR ee iy oc ee 2 gallons 
\USTINES vitae. <eecamey whey Site OES ae CRC CE PA CAC 27 gallons 


Prepare by dissolving the soap in a gallon of water, then, 
while the soapy water is boiling hot, remove from the fire and 
immediately add two gallons of kerosene and agitate briskly for a 
few minutes. If a large amount is being made use a force pump 
and forcibly pump the mixture back into the receptacle that con- 
tains it until all is a frothy, creamy mass. If such a mixture is not 
obtained in a very few minutes, put the whole over the fire again 
until it boils and then repeat the pumping, and the emulsion will 
almost surely form. When put back for reheating watch every 
moment to see that it does not boil over and take fire. This work 
should be done out of doors. After the emulsion is made, add the 
remaining 27 gallons of water and all is ready for use. 

Small quantities may be emulsified with a rotary egg-beater. 

Whale-oil soap, or any cheap laundry soap, may be used. 

Clean dishes and clean water should be used. Every particle 
of dirt in the emulsion serves as a center of attraction about which 
the oil droplets will collect and then rise to the top to form a film 
of oil on the surface. 

The strength above given is suitable for most insects. Most 
plant lice may be killed with an emulsion of half the above 
strength. 

15. KEROSENE-MILK EMULSION. 


Kerosene will emulsify with milk, also, and when small quan- 
tities are wanted it is often less trouble to use the milk than to pre- 
pare the soapy water. The proportions are: 


Nia COU Me aome Toe terest acasclln.) s cane... do gallon 
INOTOSEM Ceremony MAME nineties clei cis sitelen aes ticlas aie es 2 gallons 
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Dilute with water as in the preceding formula. If sweet milk 
is used add a little vinegar. Otherwise it may be impossible to form 
a stable emulsion. 


16. KEROSENE AND CRUDE PETROLEUM. 


These oils are used pure, and also diluted with water, tor the 
destruction of scale and other insects. Experiments in the Hastern 
States seem to indicate that the safest time to apply is early in the 
spring, just before the buds swell, and on a bright, windy day when 
the oil will evaporate rapidly. It seems that when applied in mod- 
eration, in the proporiion of 40 parts of the oil to 60 of water, these 
substances will seldom injure apple, cherry or pear trees, but can 
hardly be applied to tenderer trees, such as peach and plum, with- 
out farther dilution. 

When diluted with water in the form of a spray they may be 
used upon foliage of most plants, without injury, in the proportion 
of one of the oil to five or six of water. Most plant lice are killed 
in mixtures as weak as one to fifteen or twenty. 

Pumps are now made for the purpose of mixing the oil and 
water in the form of a spray, and so doing away with the need of 
preparing an emulsion. The one who has the insecticides to apply 
must decide whether or not he will go to the extra trouble of mak- 
ing the emulsion or whether he will go to the extra expense of 
purchasing a special and somewhat more costly pump. 


1%. GASOLINE. 


This oil is also destructive to insect life. Its chief use is for the 
destruction of bed-bugs. It is applied pure by means of an oil-can 
or hand atomizer. To be effectual the bugs must be thoroughly 
treated with it. As it is inflammable, care must be taken not to 
bring fire near until the apartments where it is used are well aired. 


18. TURPENTINE. 


Turpentine is used for the same purposes as gasoline and the 
same precaution applies. 


19. LYE AND WASHING SODA. 


These substances are in considerable popular favor for the 
destruction of insects, but the writer’s experience with them has not 
been encouraging. In the proportion of a pound to three gallons of 
water they may be used upon the trunks of trees and will kill soft- 
bodied insects that might be wet by them. To be used upon 
foliage they should be diluted to a pound to forty gallons of water, 
and in this strength they will only destroy the tenderest of insects. 


Kerosene emulsion or whale-oil soap are much more effectual 
Insecticides. 
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20. LIME. 


Lime, either wet or dry, may be used freely upon foliage 
without fear of injury. It is of very little value as an insecticide. 
When freshly slaked and freely dusted upon the slugs that infest 
pear, cherry and plum trees it is said to be very effectual in 
destroying them. Experiments at this Station have not succeeded 
very well in killing slugs this way. As a coating upon the bodies 
of fruit trees it undoubtedly does much to prevent sun-scald late in 
winter and early in spring. The addition of a liberal amount of 
skim-milk or salt, or both, to the preparation will greatly increase 
its adhesive qualities. The following formula is printed in the 1899 
report of the Canada Experimental Farm: 


Simeam ike eg eee er ae ieee ta We ne on 6 gallons 
Witenes catty c.cysee ames rN e era eakcicusrsh tetra Cine ee Rin ee 30 gallons 
PIMC h wae eee a ere TE aatine Som SOUIPOUNGS 
SEU Peg ine ates et occ Pe anes cic City SE SERN rac Oe eG 10 pounds 


21. LIME, SALT AND SULFUR WASH. 


This wash, when properly made, is one of the most effectual 
applications for the destruction of scale insects and eggs of the 
brown mite, particularly in dry climates, like that of Colorado. It 
should be used only in the winter or spring, while the trees are 
dormant. The ingredients are used in the following proportions: 


pag eliIMG.. & arance ctiae ea eee roisiede slice 1k sue see CR tar POUL POULUS 
POUR Roemer eth ane Ee Sorairieen a sieayewaies Sami omen 20 pounds 
Sabie so ao here eae eae nde aurea meee 15 pounds 
WV ALOR. «ere nopinuatermaciete creme ortho aes onan e aoeeaa 60 gallons 


Put all together in a barrel or other receptacle and boil for four 
or five hours. If a wooden receptacle is used, steam boil. Strain 
through a coarse cloth to take out coarse lumps, and apply as a spray 
while hot. 


22. RESIN SOAP (SUMMER WASH). 


A resin soap for summer use may be prepared in the following 
proportions: 


IRGsiter ger o krcpn oti ee reteset ia Muerte SOK POUNAS 
OAUSIC SOC die so oeet ee retainer oie th wei etree. sceis oy) ans ore 1 pound 
MDalOwartoee = eee ORE ere elena wont e 1 pound 


Dissolve the soda in one and one-half gallons of water; then 
add the resin and tallow and dissolve them also by applying a 
moderate degree of heat, adding water enough to make three gal- 
lons. Before using, dilute one part of the soap with sixteen parts 
of water. 

Used for the same insects as are whale-oil soap and kerosene 
emulsion. 
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23. RESIN SOAP (WINTER WASH). 


* RESIN. 220i ay, shee ae oe Oe eee amano 30 pounds 
Caustic Soda (0 pericenth) tre. eerie eter 9 pounds 
Hish-O1l dkcqe dete Sees ater ten terete eae ern 416 pints 
Water i525 aie ain lite sees oona eet nents Eee 100 gallons 


Place the first three ingredients in an iron kettle and cover with 
five or six inches of water. Boil for an hour or two until the liquid 
has a dark brown color, after which the remainder of the water may 
be added. 


Other formule for the preparation of resin soaps have been 
given, but as they are not much used, I will not take space to give 
them here. 


24. PYRETHRUM, OR BUHACH. 


This substance is a vegetable powder and is obtained by pul- 
verizing the dried blossoms of plants of the genus Pyrethrum. It 
may be obtained at almost any drug store, and is peculiar in its 
power to kill insects while it is not poisonous to the higher animals. 
It may be used either wet or dry. If applied in water, use in the 
proportion of: 


Pyreth rum s...0c ce ees n cee eek eRe see cen 1 ounce 
WAGON vas ci ccrong eo ereneror he isrereaie. seers eeeteretoreNarek ie cel rer iiss omer 3 gallons 


If applied dry, use pure and make a very light application, or 
dilute with flour and apply more freely. 

If thoroughly disseminated in the air of a room it will soon 
bring to the floor all the flies and mosquitoes therein. A good way 
to rid a room of flies is to make the application and close the room 
tightly for the night. Then in the morning sweep up the flies and 
burn them. If they are not destroyed in this way after being stupe- 
fied, many will finally overcome the action of the powder and live. 


25. TOBACCO. 


Tobacco has long been used in one way or another for the 
destruction of insects. Its chief use seems to be for the destruction 
of animal and plant lice. When slowly burnt the smoke may be 
utilized for the destruction of lice on plants in greenhouses or win- 
dow gardens. In the form ofa fine dust it is often effectual in 
ridding plants of flea-beetles, and in the form of dust or stems is 
probably the best remedy we have for woolly aphis on the roots of 
apple trees. 

A decoction made by boiling tobacco stems in an amount of water 
sufficient to cover them is destructive to plant lice (Aphidide) and to 
lice upon cattle. Tobacco, very finely powdered, in the form of 


*This formula and directions are copied from “ The S ; ) 
by Lodeman. i i. ve Spraying of Plants, 
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snuff, may also be used dry against the same insects. It is best to 
first spray the insects with water. 


26. SULFUR. 


Everyone knows of the use of sulfur fumes for the destruction 
of animal life. Sulfur is specially destructive to “red spiders” and 
“brown mites,” and may be applied as flowers of sulfur, dry, 
through a blow-gun of some sort, or mixed in water or soap solu- 
tions in the proportion of an ounce to a gallon of the liquid and 
applied as a spray. 


27. HOT WATER. 


Water heated to 125 to 135 degrees Far. kills very quickly any 
insect that is put into it, but is harmless to plants unless they are 
kept submerged for a long time. Lice, especially those on roots, 
may often be killed conveniently with hot water. 


SUBSTANCES THAT KILL BY BEING INHALED. 


There are two insecticides of this sort that are of special 
importance. As both are destructive to vegetable life also, care 
must be had in their use that they are not applied in strengths that 
will destroy the plants. It is important that tents, rooms, or other 
receptacles in which objects are placed for fumigation, be as nearly 
air tight as possible. 


28. CARBON BISULFIDE; “ FUMA.” 


This is a clear, extremely volatile liquid with a very disagree- 
able odor. The fumes are heavier than air, so that it is always best. 
to expose the liquid in the upper part of a building, or other 
receptacle, containing objects to be treated. The fumes are explosive 
also when mixed with air, so that great care must be taken not to 
bring fire near them. 

For the purpose of fumigating a building or other inclosed 
space containing growing plants, not over one pint of the liquid to 
1,000 cubic feet of space should be used. For the destruction of 
insects in seeds, carpets or clothing it may be used much stronger. 

To destroy ant hills, thrust a sharp stick down into the hill to 
a depth of eight or ten inches and then remove it and pour in two 
or three ounces of the carbon bisulfide; fill the hole with earth by 
stamping on it, and then throw over the hill a wet blanket to hold 
down the fumes. Allow the blanket to remain for a half hour at 
least, and the ants will be dead. If the hill is a very large one it 
would be well to make two or three holes for the carbon bisulfide. 

To kill prairie dogs, pour three or four ounces of the liquid on 
a ball of cotton and roll the latter down the prairie dog hole and 
quickly fill the mouth of the hole with dirt. 
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For the destruction of the woolly-louse of the apple, thrust a 
crow-bar or other sharp instrument into the ground to the depth of 
one foot and at a distance of two feet from the crown of the tree and 
upon three sides of the tree. In each of these holes pour one ounce 
of the carbon bisulfide and close the holes quickly with damp earth. 
This is a cheap and effectual remedy and, if care is taken to have 
the holes made two feet from the tree and to have only about an 
ounce of the liquid put in a hole, there will be no danger of killing 
the trees. 

This substance is expensive when purchased in small quantities 
at_a drug store. It may be obtained quite cheaply if purchased in 
50-pound lots, from Mr. Edward R. Taylor, Cleveland, Ohio. Write . 
for prices. 

29. HYDROCYANIC ACID GAS. 


This gas has come into very general use, particularly in the 
orange growing sections of the country, for the destruction of scale 
insects. It may also be used for the destruction of insects in mills 
and in dwellings and in closed receptacles generally. Some of the best 
nursery men have adopted the plan of fumigating all their nursery 
stock with hydrocyanic acid gas before shipping to their customers. 

The chemicals of which this gas is made are cheap and are 
used in the following proportions: 


Potassium cyanide (of 98 per cent. purity)............. 1 ounce 
Comimercialisulfiereracicl eer ty saci recente eee eee 1 ounce 
Waters sii eescastavace oe hasta deve tana aen cre once ecnyat. caer 3 ounces 


The above quantities are sufficient for a space of 100 cubie feet 
for the fumigation of dormant trees and plants (nursery stock). It 
may be used in the same strength, or even stronger, for the fumi- 
gation of mills, houses, clothing and the like. 

The tent, building or receptacle in which the fumigation is to 
take place, should be as tight as possible. The less wind there is 
the better, if the fumigating room is not very tight. 

The gas should be generated in an earthen jar, or wooden 
bucket or tub. The chemicals must be added in the following order : 
First put in the water; then add the acid; and, after the water and 
acid have mixed, add the potassium cyanide. A good way to add 
the poison is to have it tied in a paper sack and placed upon a piece 
of board over the dish containing the acid and water, with a string 
attached to the sack and passing to the outside. Then, when every- 
thing has been made tight, a pull on the string will precipitate the 
sack of cyanide in the acid and a rapid escape of the poisonous 
fumes (HCN) will immediately take place, causing violent bubbling 
of the liquid. Filling ones lungs with these fumes would cause 
almost instant death, so that great care must be taken not to breath 
them. Fumigating rooms must be arranged so that doors or win- 
dows of some sort can be raised from the outside quickly. Then a 
thorough airing must take place before anyone enters. 
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It would require considerable space to give full directions for 
the fumigation of orchard trees, and, as there is little likelihood that 
such fumigation will be called for in Colorado for some time 
to come, I shall not take space to describe the process here. Those 
specially interested can obtain bulletins giving full directions from 
the Department of Agriculture, Division of Entomology, Washing- 
ton, D.C. Full directions can also be obtained in a book entitled 
“Fumigation Methods,” by W. G. Johnson, and published by 
Orange Judd Co., New York. Figs. 16 and 17 are from this book. 


SUBSTANCES THAT REPEL. 


There are a number of substances that are more or less useful 
for the purpose of driving insects away from places where they 
would do harm if unmolested. I give below a few of the most 
important. 


30. NAPTHALINE, GUM-CAMPHOR, AND MOTH BALLS. 


Napthaline crystals are much used in insect boxes and in boxes 
or trunks where furs, feathers or woolen goods are kept, for tne pur- 
pose of keeping out insects that feed on these animal products. It 
is probably the best single chemical that can be used for this 
purpose. Gum-camphor is also much used for the same purpose 
and moth-balls are a combination of these two volatile substances. 
These materials cannot be used to kill insects, but only to repel 
them. 

31. TOBACCO. 


Tobacco, in the form of dust, or otherwise, is often used for the 
same purpose as the preceding, but to be effectual must be used 
quite freely. 

32. ASHES. 

Ashes, particularly from wood, are frequently used to dust 
upon plants after a rain or while the dew is on and often result in 
the insects disappearing. Particularly is this true in case of flea- 
beetles and the cucumber beetle when feeding upon leaves. Ashes 
do not kill the insects, but they make the food distasteful, so the 
insects are driven to other plants. 


33. LIME, PLASTER, AND ROAD DUST. 


These substances are also used like ashes as repellents, but are 
of little or no use for the destruction of insects. 


INSECT TRAPS. 


There are many methods of trapping and destroying insects. 
One of the most common is the use of bright lights exposed 
at night. 
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34, LIGHTS. 


The usual plan is to place a light over a dish of some sort that 
contains water with coal oil on top of it. Many night-flying insects 
are attracted by lights and may be destroyed by devises of this kind, 
but there are also many insects that fly at night that are not 
attracted by lights. Such an insect is the codling moth, though 
light traps are often recommended for its destruction. Among 
those insects that are readily attracted by lights might be mentioned 
tbe adults of the army worm, of the various cut-worms, the garden 
web-worms and the corn or boll-worm. 

It is not infrequently the case that more of the beneficial 
insects are destroyed than of destructive species, and it is quite 
doubtful if lights are often of any considerable importance as 
a means of lessening the injury to crops by the destruction of 
insects. 


35. SWEETENED WATER, CIDER, VINEGAR, ETC. 


Some insects are attracted in considerable numbers to such 
substances as the above, but it is very seldom that the benefit 
derived from them will pay for the trouble and expense of using 
them. Mr. David Brothers, of Edgewater, Colo., reported excellent 
success capturing moths of the fruit-tree leaf-roller with weakened 
vinegar in pans in the orchard, and the codling moth is attracted 
to some extent to a mixture of molasses and vinegar placed in apple 
trees. The advantage of such baits for the capture of insects 
is usually greatly overestimated by those who use them. 


36. BANDAGES. 


Heavy cloth or paper bands placed about the trunks of apple 
trees are quite useful for the capture of the larvee of the codling 
moth that are leaving the apples and going in search of a suitable 
place to spin their cocoons. Burlap bands are cheap and seem to 
be as good as any. The writer took 1,481 codling moth larve 
under a single burlap band one season. Old gunny sacks cut into 
strips serve as well as anything. The band should be not less than 
four inches wide and should be composed of three thicknesses of the 
cloth. 

The bands should be wrapped loosely about the trunks, the 
ends overlapped and tield in place by a single carpet tack pushed 
in with the thumb. 

If used against the codling moth they should be removed once 
in a week or ten days for the purpose of killing all the worms and 
then replaced. 

The bands should be placed on the trees about the 10th of 
June in the warmer parts of the State, and about the 25th of June 
in the northern parts. 


Heavy paper may be used in place of the cloths, 
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The peach twig-borer can also be taken under these bands. 

Bands of paper or wire screen are sometimes wrapped about 
the entire trunk to prevent the entrance of borers, as shown in 
Plate IV., Figs. 2 and 3. 


37. HOPPER-DOZERS OR HOPPER-PANS. 


For the purpose of catching jumping insects, especially grass- 
hoppers, the hopper-dozer or hopper-pan is most useful. There are 
different methods of constructing these pans. A form used by 
Dr. Riley and illustrated by him many years ago is shown at 
Fig. 2. The pan in the illustration is entirely of sheet-iron, and is 
drawn across the fields by two men or two horses. In the bottom 
of the pan is placed a small amount of water with kerosene on top 
of it. All grasshoppers that come in contact with the oil die. The 
back of the pan may be extended by means of stakes at the corners 
and a strip of cloth hung between them. Such an extension 
catches many grasshoppers that would otherwise escape. 


388. STICKY SUBSTANCES. 


Bandages of sticky substances, such as printer’s ink, “ Dendro- 
line,” or “ Raupenleim,” or even cotton batting, are sometimes used 
to prevent insects from climbing trees. Where oily substances are 
used it is safer to put them on a bandage of stout paper, which is 
then wrapped about the trunk of the tree. 


THE APPLICATION OF INSECTICIDES. 


IN THE DRY WAY: 


The upper surface of the leaves of all low plants can be easily 
treated with a dry insecticide by dusting it upon them through a 
cheesecloth, or other thin muslin sack, held in the hand. There 
are also various appliances upon the market for the distribution of 
powders. One of these that is very convenient for filling the air of 
a room with dust to kill flies, or for the application of powders to 
low herbage, is shown in Fig. 15. It can be had of Thomas 
Woodason, 451 East Cambria Street, Philadelphia, Pa. 


Fie. 15.—Dust-sprayer. 


The Hillis Dust Sprayer Co., St. Louis, Mo., manufacture a 
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“ dust-sprayer” large enough to distribute dry insecticides through 
trees of the size of an ordinary apple tree. 


IN THE WET WAY. 


There are so many manufacturers of spray pumps and nozzles 
of all descriptions that it is impossible to point out any make as 
being the best. The illustrations here given are for the purpose of 
giving the reader an idea of the kind of a pump that will be needed 
for his work. Each must be his own judge as to the quality and 
price of the pumps offered him. 


Fic. 16—''Faultless’’? Hand Atomizer. 


Fig. 16 is an illustration of the “ Faultless Sprayer, manu- 
factured by F. E. Myers & Bro., Ashland, Ohio. It is inexpensive 
and will answer well where only a few small plants are to be 
treated. 


Fic. 17.—Bellows Atomizer. 


Fig. 17 shows a form of atomizer, having a similar use, also 
sold by Woodason, of Philadelphia. 


PUMPS. 


Pumps with metal valves should be obtained for the applica- 
tion of insecticides or fungicides in liquid form, as the materials 
used harden or decompose leather valves so that they last but a 
short time. If the pump is to be used with a tank or barrel it is 
also important to have some kind of attachment that will keep the 
liquid agitated so the materials in suspension will not settle. A 
common error is to purchase a pump of too small capacity, because 
it is cheaper. A smaller, cheaper pump usually means less accom- 
plished in a day with the same help, but with a greater expenditure 
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of energy. And then, it is often important to 
complete the spraying in as short a time as 
possible after it is begun. To do this, a pump 
of large capacity with two or more leads of 
hose is necessary. The hose to which the 
nozzles are attached should be as light as pos- 
sible and still have the requisite strength—a 
hose of good quality with heavy wall, but 
small ealiber. Fig. 18 illustrates a form of 
bucket pump manufactured by The Deming 
Company, Salem, Ohio. Bucket pumps are 
sold by different dealers at prices ranging 
between about $2.00 and $8.00 in price. They 
are suitable for use among vegetables, shrub- 
bery and all low plants, but should not be 
purchased for orchard work if one has more 


Fic. 19.—Leggett’s Air-pressure Pump. 


Fie. 18.—Bucket Pump. 
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than a very few 
trees to treat. In 
the small spray- 
er shown at 
Figure 19 the 
liquid is forced 
up by means of 
air pressure. 
Such a pump 
is often conve- 
nient when a 
person is com- 
pelled to do his 
spraying alone. 
This sprayer 
also has an oil 
attachment, so 
that water and 
kerosene may 
be applied 
mixed without 
the trouble of 
making an 
emulsion. This 
pump is manu- 
factured by Leg- 
gett & Brother, 
New York City. 


Fig. 20 shows a form of air-pressure sprayer sold by the North 


Jersey Nurseries, Springfield, N. J. 


38 BuLLETIN 71. 


Many prefer some form of the knapsack sprayer for the treat- 
ment of low plants. At Fig. 21 is shown one of these sprayers as 
sold by William Stahl, Quincy, Ill. Kmnapsack sprayers are also 


Fic. 20.—Another form of 
Air-pressure Pump. 


Fie, 22,—Barrel Pump. 


made with an oil tank attached so as to spray kerosene, or petro- 
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leum, in a mechanical mixture along with water, so as to do away 
with the need of making an emulsion. 

For the treatment of small orchards a barrel pump is gener- 
ally used. One of the best of these is Gould’s “Pomona” spray 
pump shown in Fig. 22. The pump carries two leads of hose and 
has a patent agitating arrangement within the barrel. It is sold 
by The Gould Manufacturing Co., Seneca Falls, N. Y. 

Where a large amount 
of orchard spraying is to 
be done larger pumps and 
tanks should be used. 
Fig. 23 shows a gasoline 
power sprayer attached to 
a large wagon tank. Such 
>, sprayers will easily run 
four leads of hose and 
keep up a high pressure. 
Without a good pressure 
it is impossible to throw 
a fine and forcible spray. 
The power sprayer here 
shown is also manufactured by The Gould Manufacturing Co. 
There are many other companies manufacturing spraying appar- 
atus. Their advertisements will be found in agricultural papers. 
If anyone is thinking of purchasing an expensive spraying outfit he 
should obtain catalogues and prices from several manufacturers or 
dealers and then purchase where he thinks he can do best. 


Fic. 23.—Power Pump. Run by Gasoline Engine. 


HOW TO SPRAY. 


The first requisite for a good job of spraying is a pump that 
will give plenty of pressure in the hose. Then, if one has a good 
spraying nozzle and a liquid that is free from solid particles of a 
size to clog the sprayer, there will be no difficulty in getting a good 
spray. A very fine spray is most economical of material and, for 
an even and thorough distribution, is best. Care should be taken, 
also, not to continue the spraying until the little drops that collect 
on the foliage unite and run off, carrying the poison with them. In 
some cases, however, as when spraying the first and second times 
for the codling moth, the writer prefers a rather coarse spray and 
to continue until the calyces of the forming fruits have all been 
thoroughly drenched without regard as to how much the liquid is 
dripping from the foliage. The medium coarse spray is preferred 
for this work, because the larger drops carry better into the 
blossoms, or calyces, of the apples. 

The “Seneca” nozzle sold by the Gould Manufacturing Co. 
and shown at Fig. 24 throws a good coarse spray. The “Bordeaux ” 
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nozzle shown at Fig. 25 and sold by The Deming Co. is one of the 


Fie. 24.—Seneca Fie. 25.—Bordeaux Nozzle. 
Nozzle. 


best nozzles for either coarse or medium fine spray. For a very 

fine, misty spray I know no nozzle that equals the “Vermorel.” - 
This nozzle is mounted singly, as shown in Fig. 26, or in batteries 

of two, three or four nozzles combined. A battery of two nozzles is 

shown at Fig. 27. Figs. 26 and 27 are from the catalogue issued 

by the Gould Manufacturing Co. 


Fie. 26.—Single Fic. 27.—A Battery of two Vermorel 
Vermorel Nozzles. 
Nozzle. 


For farther information in regard to insects or insecticides 
address the Experiment Station. When making inquiries concern- 


ing insects, send samples of the insects and their injuries whenever 
possible. 
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Ae SOls. STUDY 
Part IV. The Ground Water. 


By WILLIAM P. HEADDEN, A. M., Pu. D. 


§ 1. I have presented the results of our experiments and 
observations upon the effects of alkaline conditions of the soil upon 
crops, upon the sugar beet in particular, in Bulletins 46 and 58, 
forming Parts I and II of this study. In Part III, Station Bulletin 
65, I have presented the subject of the soil, and the effects of culti- 
vation upon it, from both the chemical and physical standpoint. 
The conclusions reached in these bulletins have been summarized 
in the respective publications and will not be reproduced in this 
place, as reference can easily be made to the statements of them in 
the originals, which are fuller than could be made here. 


SOME OBSERVATIONS ON ALKALIZATION. 


§ 2. The statement made on page 3 of Bulletin 46, relative to 
the general question of alkalization in Colorado is, I believe, correct. 
I would state the question even more explicitly, especially for the 
eastern slope of the Rocky Mountains, for I am convinced that the 
only question of alkali that we have resolves itself into one of drainage, 
and beyond this, there 1s no alkali question for us. I believe this to be 
true of the western as well as of the eastern portion of the State. 


§ 3. I am aware of the fact that some sections of the State 
have an abundant supply of alkali salts, but their presence and 
whatever injurious effects they may have produced, is due princi- 
pally, if not wholly, to the lack of drainage, which, in many in- 
stances, has been made more apparent and its effects greatly aug- 
mented by over-irrigation. An immoderate use of water, especially 
when no regard is had for drainage, the peculiarities of the soil or 
the requirements of the plants, can prove as disastrous to the agri- 
culture of a section as other naturally adverse conditions. This 
cause of trouble will be lessened in all parts of the State as the de- 
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mand for water approaches the limit of the supply and an economic 
and intelligent use of it is forced upon the agriculturists. As an 
illustration I may give the following facts which were stated to 
me—not for the purpose for which they are here used—by a person 
conversant with them: In a certain section of the State the water 
table was about 18 feet below the surface and the water was usable, 
though not good. A few years after the irrigating ditch, which 
furnished a super-abundance of water, had been built, the water 
plane had raised by 15 feet or more, with the result that the de- 
pressed portions of the country were being drowned out. The water, 
which had become heavily laden with the alkalies, was much less 
desirable than formerly, or wholly unfit for use. The people, as a 
matter of course, did not take it kindly when the writer insisted 
that there were two contributing causes to this state of affairs, over- 
irrigation and lack of drainage, and that the remedies were simple 
if feasible. The first was to apply less water, which could easily be 
done; the second, to drain the land, which could not easily be 
done. 


§ 4. The character of the underlying strata, the presence or 
absence of a hard pan, often contributes to bringing about bad 
drainage conditions, but this was not the case in the above instance, 
and I think that it is not very generally the cause in any section of 
this State. I have seen no occurrence of alkalies in this State where 
their accumulation was not due to these causes, usually to the lack 
of drainage, the alkalies accuinulating in depressions with no outlet 
which serve as collecting places for the water running off of or 
draining from the higher ground, or along water courses where the 
lowness of the land and character of the vegetation prevent proper 
drainage. 


THE CONDITIONS OF THE PLOT EXPERIMENTED ON. 


§ 5. The plot of ground chosen for our experiment was in the 
worst condition of any plot at our disposal. It was quite wet, had 
no hard pan, but a stratum of clay at a depth of about 5 feet, under- 
lain by gravel. It was not drained, though a tile drain had been 
laid to the west, south and east of it, but at so great a distance that 
it failed to perceptibly affect the condition of this plot. An irriga- 
ting ditch flows within 50 feet of the east end of the plot, and one 
perhaps 150 feet from the west end of it, both being at a higher 
level than the plot itself, which has a slope to the eastward of six 
inches in a hundred feet. The ditch passing the east end of the 
plot was, we feared, an important factor. We will subsequently 
state the results of our observations made to determine to what ex- 
tent this ditch influenced the water level of the plot. 


§ 6. Such were the general conditions of the ground chosen 


THE GrRouND WATER. 5 


to experiment on, and which was chosen as representative of much 
land in Colorado which is neither so wet as to be untillable nor so 
strongly alkalized as to be hopeless, and yet was strongly enough 
impregnated with salts to yield, under favorable conditions, incrus- 
tations reaching a half inch in thickness. 


§ 7. Parts I and II of this study deal exclusively with the 
effects of these conditions on the growth and composition of sugar 
beets, the crop chosen to grow on this land, because we thought it 
probably more tolerant of the conditions than any other crop which 
would at the same time serve the other purposes of our study. 


§ 8. Part III deals with the soil, giving an account of the 
mechanical and chemical effects resulting from our cultivating and 
manuring it. In this bulletin, Part IV of our study, we shall pre- 
sent the results of our observations on the ground water, the changes 
in the water used for the purpose of irrigating, the salts removed, 
ete. I shall confine myself in this bulletin to the subject of water, 
as in Part III I confined myself to the subject of the soil. 


§ 9. I have stated the general condition of the plot at the be- 
ginning of the experiments; I have stated the reasons which in- 
duced us to choose this plot of ground as well as the crops to be 
grown thereon; and in Part III I have given the condition of the 
soil at the end of our experiments, which is summed up by stating 
that the store of plant food in the surface soil, taken to a depth of 
ten inches, was actually increased. This, however, was the lesser 
part of the improvement, the greater part lay in the betterment of 
the general conditions, whose best features cannot be shown by 
chemical analysis or expressed in any formula. The strongest 
and most interesting point in this connection is that the conditions 
of water supply and drainage have remained the same throughout 
the experiment. The ground has subsequently been drained, in 
part, at least. 


§ 10. The amount of water in the soil was not determined 
fer the reason that the soil was excessively wet, the water table be- 
ing at times within a few inches of the surface, and in parts of the 
plot, seldom more than three feet six inches below it, while in 
the highest portion of the plot it was only six feet from the surface 
at its lowest stage. One would think that, under such conditions, 
irrigation would not be needed; that the sub-irrigation would be 
sufficient. We did not find this to be the case. The explanation 
probably lay in the fact that the root system accommodated its de- 
velopment to the conditions obtaining during the earlier and 
greater portion of the season, and when the water table fell the 
surface soil, owing largely to its unfavorable mechanical condition, 
dried out rapidly to a greater depth than a soil in good mechanical 
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condition would have done, causing the plants to suffer. The plant, 
too, may have become more sensitive to a lack of water, owing to 
the usually large supply of it. Whether this is the explanation 
or not, we had to irrigate two out of three seasons, and while we 
irrigated the third season also, it was probably not actually neces- 
sary so far as the growing of the beets was concerned. 


§ 11. The height of the water table in the plot was referred to 
a plane 10 feet below our bench mark. The wells were designated 
as A, B, C, D, E, F, G and H; their respective heights, referred to 
the same plane, were: A, 9.41’; B, 11.12’; C, 11.23’; D, 12.71’; 
E, 7.24’; G, 9.59’. The heights of F and H were not determined ; 
these wells were dug for special purposes, which it would be out of 
place to explain at this time. Wells A, B, C and D were the prin- 
cipal ones and were dug at intervals along the central line of the 
plot, which had a width of 50 feet and a length of 600 feet. The 
distances between the wells were not equal. Well A was the most 
easterly one, and was 1303 feet from the center of the ditch; B was 
150 feet west of A; C175 feet west of B, and D 160 feet west of C. 
The surface of the plot at D is 3.3 feet higher than at A; the sur- 
face of the underground water is 1.83 feet higher. The distance 
from A to D is 485 feet, accordingly the surface of the water table 
has a fall of 1.83 feet in 485 feet, while the surface of the plot has a 
fall of nearly twice as much. The greater height of the water table 
at the west end is probably due to the friction of the flow, and is but 
little modified by the contour of the surface. 


§ 12. I suppose that the escape of the ground water is to the 
eastward, though I have no direct proof of this. There is a drain 
running from a depression wést of the plot, making a wide curve 
and passing again to the east of it. This drain was put in in this 
shape to cut off seepage from higher lying land to the westward 
and to drain a still lower lying portion to the east of the plot. I 


have elsewhere stated that it accomplished its purpose but par- 
tially. 


§ 13. The daily records of the height of the water plane show 
that it varied quite uniformly throughout the plot—the wells as a 
rule rising and falling together. At times there would be a rise in 
the water table when no rainfall had taken place and no land had 
been irrigated which could affect the height of the water plane in 
this plot. Such rises in the water plane were probably due to 
meteorological conditions. A rainfall of a fraction of an inch also 
affected it, owing to the nearness of the plane to the surface, by 
modifying the capillary force within the soil. A rainfall of 0.28 of 
an inch at 4:30 on the 8th of July was followed on the 9th by a rise 
of from 0.74 to 0.90 of a foot in the water level; but a rainfall of 
0.9 of an inch on the night of the 9th produced a mixed result, 
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which was probably due to the varying character of the soil and the 
air contained in it. On the night of July 18th a rainfall of 0.21 of 
an inch occurred, and the water plane on the morning of the 19th 
had risen rather more than 0.40 of a foot as an average for the four 
wells. No further rainfall occurred, and the weather conditions 
remained favorable for observing how long the effect of such a rain- 
fall would remain noticeable. On the morning of the 20th the 
level had fallen about 0.2 of a foot, and by the morning of the 22d 
it had attained the same level that it had on the 18th, prior to the 
rainfall. On the 23d it was a little lower, but rose again on 
the 24th. 


$ 14. The height of the water plane oscillated throughout the 
season, owing to the causes already mentioned, and was also influ- 
enced directly by irrigation of higher lying land. The record for 
1898 was a weekly instead of a daily one, and the minor changes 
due to meteorological causes were largely eliminated, and only the 
larger ones, such as were caused by drainage, or continued meteoro- 
logical conditidns, are shown. 


§ 15. There was a rise of the water table throughout the plot 
during the month of February, 1898, of about 0.5 of a foot. The 
total rainfall was only .08 of an inch. During the month of March 
there was a fall in the water level. There was a greater rainfall 
than in February, though it was still insignificant. This oscillation 
was a longer one than is due to the usual meteorological influences 
or to irrigation, besides no irrigation was being practiced at this 
season. It may have been due to freezing and thawing and to the 
consequent change in the freedom of the circulation of either the 
water or the air within the soil. 


§ 16. I supposed that the presence of the irrigation ditch near 
the east end of the plot exercised some influence upon the height of 
the water level in its immediate neighborhood. In order to observe 
the extent of this, the height of the water in two wells, A and G, 
was observed before water was turned into the ditch in the spring, 
and when no water had run in it for several months. We made 
no effort to determine whether its influence was by leakage or 
otherwise. The wells taken under observation were close together, 
A entering the gravel below the clay, while G did not reach the 
stratum of clay mentioned as separating the soil from the gravel, 
and was presumably supplied with water from the soil proper. 
Well G was not so deep as well A by 2 feet. The distance be- 
tween the wells was 12 feet. The water in well G usually stood 
a little higher than in well A, whether there was water in the 
ditch or not. It should be added, for a better understanding of 
the conditions, that the ground on the east side of the ditch sloped 
gently to the eastward and lay between the ditch and the drain 
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already mentioned. Water was turned into the ditch late in the 
afternoon of April 20th. By 6:15 p. m. of the 23d the water 
plane had risen 0.31 of a foot in well A, and 0.30 of a foot in 
well G, the former being 1303 feet and the latter 1423 feet distant 
from and west of the ditch. Norain had fallen during the preceding 
17 days, and the effect observed was probably wholly due to the 
influence of the ditch, and it is doubtful whether the effect of the 
ditch upon the height of the water plane was ever much greater 
than is here indicated, 0.30 of a foot. 


§ 17. The total solids and the chlorin present in the water 
before and after the rise showed a decrease. If the rise were due 
to unfiltered water passing in from the surface, or even near it, 
as from the bottom of the ditch, this result would stand alone 
and in contradiction to the results observed when the level of the 
water had been raised by a copious rainfall or by the application 
of irrigation water. In both of these cases the total solids and the 
chlorin were greatly increased, but not in any definite ratio—the 
increase in the amount of ehlorin being more rapid than that of 
the total solids. 


§ 18. The decrease in the total solids held in solution sug- 
gests the damming back of the underground water and a rising of 
water which was usually below the clayey stratum. The princi- 
pal fact on which this interpretation rests is that the water taken 
from below this stratum was actually poorer in total solids than 
the water above it. We also attempted to study the effect of a 
drain run for the most part just outside of and south of the plot, 
but owing to a variety of causes, the principal one of which was 
our inability to properly attend to it, this experiment was aban- 
doned. 


§ 19. When the water table in this plot had been raised by 
irrigation it required from 10 to 13 days for it to fall to the level 
at which it stood before irrigation. The rate at which it fell was 
very nearly the same throughout the plot and did not reach this 
level at the west or higher end first and gradually proceed east- 
ward as it would do if there were sufficient freedom of flow and 
the drainage was from the east end of the plot. 


§ 20. It is mentioned on a preceding page that when the 
water level rose owing to the change in the conditions of capillarity 
caused by a slight rainfall, it required only about three days for 
it to recede to its former level, while we state that after an irriga- 
tion it required from 10 to 13 days. The two tases are quite dif- 
ferent. In the latter case we have displaced the air and filled the 
soil with water, piling it up on the existing water plane; in the for- 
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mer we pulled it up by a force which gradually lost its power and 
permitted it to subside. 


§ 21. The general observations on the water level in this plot 
shows that it is subject to small oscillations due to meteorological 
conditions, and that there are also oscillations extending over several 
weeks, the cause of which we have not attempted to suggest, and in 
addition to these, the accidental ones caused by rainfall or irriga- 


tion. 


§ 22. The water table in the east end of the plot was seldom 
at a depth exceeding the height to which water would be raised by 
the force of capillarity, and in this section the accumulation of 
alkali was the greatest. This plot gave us througbout its whole ex- 
tent a good opportunity to study the changes in the character and 
quantities of salts in the ground water. 


TOTAL SOLIDS IN THE GROUND WATER. 


§ 23. Samples of the ground water were taken weekly for the 
determination of the total solids. There seemed to be no relation 
between the different wells in this respect, their content being de- 
termined by the conditions obtaining in their immediate vicinity. 
For instance, well A, situated in the worst portion of the plot, car- 
ried on May 24th 3.6114 parts per thousand;* this quantity fell, 
with ‘slight fluctuations from week to week till the end of June, 
when it carried 2.8714 parts. Well B, which was 150 feet west of 
A, carried at the beginning of this period 2.7843 parts per thous- 
and, which rose to 3.2828 parts by June 21st, and fell to 2.9143 
parts by the 28th. Well C carried, May 21st, 2.5000 parts per 
thousand, on June 28th 2.3286 parts. The changes in the total 
solids present in well D were almost identical with those observed 
in the case of well C. The rainfall during this time amounted to 
2.08 inches. The height of the water table had varied during this 
period, but it was almost exactly the same at the end of it as at the 
beginning, the greatest variation being 0.1 of a foot higher. 


§ 24. The cause of this gradual fall of the total solids held in 
solution by the ground water was probably not due to the influx of 
ground water from the west carrying a less quantity of salts in solu- 
tion, for subsequent examination showed that the ground water from 
this direction, some of which, at least at times, found its way into 
this ground, was richer in this respect than the ground water usu- 
ally filling this soil. The above statement that some of this water 
from the west found its way into the plot merely means that in ex- 
treme cases the level of the water table in the plot was affected by 


* To convert parts per thousand into grains per U.S. gallon, multiply by 
58.334946, into grains per Imperial gallon by 70.0. 
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it, and not that I assert the actual flowing of this water to the east- 
ward through the plot, for the total lack of agreement in the 
amount of the total solids in the water of the different wells, there 
being only an approximate agreement when the wells were only 12 
feet from one another, indicates that the change of level was an 
actual rising and falling due to changes in pressure, mostly hydro- 
static, rather than to a flowing in and mixing of other waters. If 
such took place above the water plane, we should expect to observe 
effects similar to those produced by the entrance of water from 
above as in the case of heavy rainfalls or irrigation. | 


§ 25. I have not been able to detect any pushing along of the 
water, indicated by the amount of total solids in solution, nor yet 
by their composition. I thought to test this by the addition of a 
quantity of a lithium salt into one of the wells, but this experiment 
was a failure for reasons hereafter given. 


§ 26. The water soluble in the soil at various depths with 
high and low water plane, was not determined, but it is probable 
that the diminution of the total solids in solution was due to the re- 
moval of the salts from the solution and deposition of the salts in 
tne upper portions of the soil. The organic matter held in solu- 
tion fell with the total solids, judging by the loss on ignition, 
allowance being made for water which may have been present in 
gypsum. 


§ 27. The irrigation applied on June 29th was not a copious 
one, because we had only a small quantity of water at our disposal. 
Its effect on the height of the water plane did not reach its max- 
imum for several days. It was followed by an increase in the 
total solids in the water, but this was so irregular in its amount 
and in the time of its appearance that it is difficult to give an 
exact statement of it beyond the general one that an increase fol- 
lowed it. On the day previous to the application of irrigation 
water, the total solids in the water of well A were 2.8714 parts 
per thousand; five days later it carried 3.5871 parts, and twelve 
days after irrigation it reached 4.4443 parts. This quantity grad- 


ually decreased until just before the next irrigation it had fallen to 
2.5900 parts per thousand. 


§ 28. There was only a general similarity in the deportment 
of the wells, the individuality of the separate wells being very 
marked. In well B, for example, the total solids present just be- 
fore irrigation amounted to 2.9143 parts per thousand, which rose 
to 3.1000 parts, fell to 3.0000 parts, and then rose continuously for 
the next eight weeks while they were falling in the other wells. 
The subsequent, second irrigation caused an increase in the total 
solids in the water of all the wells, but it was very much less in 
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that of well B than in that of wells A and C on either side of it. 
This was not influenced by the height of the wells, for A was 0.70 
of a foot lower, and C 0.77 ofa foot higher than B. This irrigation 
caused an increase of 1.2286 parts per thousand in the solids in 
A, 2.7714 parts in that of ©, and rather less than 0.0428 parts in 
that of B. In the case of well D there was an actual depres- 
sion of the solids by 0.0714 parts per thousand, but this was prob- 
ably due to the running in of water from the surface. The sub- 
sequent deportment of this well was similar to that of well B. 


§ 29. The total solids in wells A and C increased sud- 
denly after the irrigation and then fell again, reaching the point 
at which they stood prior to the irrigation in about three weeks. 
In wells D and B the total solids increased throughout this 
period, at the end of which the water in B showed its maximum 
content for the season, 4.2143 parts per thousand; in D, how- 
ever, they continued to increase for three weeks longer before 
reaching their maximum for the season of 3.6986 parts. The 
maximum quantity of salts in solution in the water of well A was 
reached immediately after the irrigations, 3.7857 and 3.8143 parts 
per thousand respectively ; the minimum was found in September, 
2.7871 parts per thousand; in B the minimum was found in May 
and the maximum in September, more than three weeks after the 
irrigation. In C the minimum was found in June, immediately 
before irrigation, and the maximum, 5.1929 parts per thousand, in 
August, immediately after irrigation. In D the minimum was found 
in June and the maximum in October, over six weeks after the last 
irrigation. From October, 1897, till May, 1898, the total solids in 
the water gradually decreased, with only a few increases which 
were slight and immediately lost. The net result at the end of the 
year was a very slight decrease in the salts held in solution by the 
ground water. ‘I'he wells showed the following quantities of salts 
in solution at the beginning and end of the year respectively: 
A, 3.6114—2.8714 parts per thousand; B, 2.7843—2.8328 parts 
per thousand; C, 2.5143—2.0329 parts per thousand; and D, 
2.5700—2.0843 parts per thousand. 


§ 30. The deportment of well Bis not such as one would 
expect to observe in it judging from its location. Wells A and C 
were located in wetter and apparently more strongly alkalized sec- 
tions than well B, and the sample of the soil taken near B showed 
the presence of less sulfuric acid and soda than those from near the 
other two wells, yet the water from this well is richer in dissolved 
salts throughout the year than the others, excepting that of well A 
for the month of May alone. 


§ 31. When the height of the water plane is raised by irriga- 
tion water, or a continued rainfall, the percolating water carries the 
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soluble salts with it into the ground water, and an increase in the 
salts dissolved in the ground water is simultaneous with the rise of 
the water table. It is evident that this rise is due to the piling up 
of water on a portion of the general water plane represented by the 
irrigated plot, and would not take place if the water could flow per- 
fectly freely through the soil, which it does not do. This does not 
fully state the facts in regard to the increase and decrease of the 
salts in the ground water; for while it is true that there is an in- 
crease in the salts concurrent with the rise of the water table when 
it is due to the application of water to the surface, and a subse- 
quent fall, usually quite a rapid one, we have the solids in the 
water of two of the wells showing a different course. The solids in 
that of wells B and D began to increase immediately, or very soon, 
after the irrigation of August 18th to 20th, and continued to increase 
for several weeks, though the water table was steadily falling dur- 
ing this time, which in the case of well D was six weeks. This is 
the more remarkable for in both these cases the maximum reached 
was the maximum for the season. In the case of the other two 
wells the results were in the opposite direction. In the waters of 
these wells the amount of the dissolved salts reached their maxi- 
mum for the season immediately after the irrigation and fell within 
four weeks to their minimum for the remaining months of the year, 
and within 0.1571 parts per thousand of the minimum for the whole 
season. The cause of this difference is not suggested by a consid- 
eration of the rate at which the water table fell. The height of 
the water table above the reference plane was not the same in the 
different wells, and there were slight variations in the rate of tall, 
but neglecting these irregularities, the rate of falling was very 
nearly the same, so that the rapid decrease in the amount of the 
total solids in the water of wells A and C was not probably due to 
any drainage, affecting these wells to a greater extent or in a dif- 
ferent manner than it did the wells Band D. The conditions of 
diffusion obtaining in the different wells probably contributed to 
the observed results. The composition of the solids contained in 
these waters will be given subsequently. 


§ 32. In this irrigation, as well as in the preceding, the head 
of water at our disposal would not permit of our attempting to flood 
off any salts, and practically all the salts which were on the sur- 
face at any given place were carried back into the soil, so that 
there was but little, if any, transporting of salts even for a few feet 
in the direction of the flow of the water. It follows that any re- 
moval of salts during this season was by drainage. 


1 See ain the following season, 1898, the conditions were quite 
different. During April, and especially during May, there were 
frequent light rains. The water table was rather higher at the west 
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end of the plot and lower at the east end than in 1897. The aver- 
age height of the water table at the west end of the plot for May, 
1897, was 9.80 feet, and for the same month in 1898 it was 9.98 
feet for the east end; for May, 1897, it was 8.11, and for May, 1898, 
7.55 feet. The rainfall in the two years differed both in its amount 
and distribution; there was also another changed condition, the 
plot had been divided into sections 100 feet long by 25 feet wide, 
and the alternate sections had received a heavy dressing of manure. 
These conditions undoubtedly had an effect upon the movement of 
the soluble salts in the soil and also upon the salts themselves. 


§ 34. There was a remarkable change in the amount of the 
total solids contained in the waters of wells A and C between May 
16th and 23d, each containing less by 14.3 parts per thousand 
on the later date. The waters of the wells contained from 3.57 to 
5.71 parts per thousand more total solids on May 24, 1898, than on 
this date in 1897, except in the case of well D, the water of which 
contained 3.43 parts per thousand less. 


§ 35. An examination of the results obtained in 1898 corrob- 
orate those of 1897, 7%. ¢., that as a rule, the solids in the waters 
fell as the water table fell, and that a sufficient rainfall or an appli- 
cation of water to the surface was followed by an increase in the 
amount of salts held in solution by the ground water. 


§ 36. The amount of water necessary to raise the height of 
the water table and at the same time produce an increase in the 
amount of the salts in the ground water was not observed. I have 
already stated that a rainfall of a few tenths of an inch was fol- 
lowed by a disproportionate rise in the height of the water table. 
In the particular instances referred to we unfortunately made no 
determination of the total solids immediately before and after the 
change of the water level. 


§ 37. In May, 1898, there were nine days on which no rain 
fell. The aggregate rainfall for the 3d, 4th and 5th was 1.66 
inches, this was followed by a rise in the height of the water table, 
and though there were daily light rains, except on the 10th, until 
the 16th the water table fell hy 0.2 of a foot. In this interval 0.69 
of an inch of rain had fallen, 0.22 and 0.24 of an inch being the 
largest amounts for any one day, an amount which under other con- 
ditions had been sufficient to cause a rise. 


§ 38. The total solids present in the waters of wells A and 
C were very high at this date, the 16th, containing 6.1043 and 
4.3414 parts per thousand respectively, while those of wells B and 
D were much lower, 2.9000 and 2.1000 respectively ; but seven 
days later they had fallen in wells A and C and risen m wells 
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Band D. A little rain had fallen during the week, and the wells, 
A excepted, were lower than on the 16th. 


§ 39. On June 3rd, 4th and 5th we hada rainfall aggregating 
1.82 inches, which under the conditions prevailing at that time 
might have wet this soil to a depth of 5 inches. The water capacity 
of this soil, air dry, ranged from 36 to 51 percent. The actually 
observed rise in the water table ranged from 0.32 to 0.95 of a foot, 
and the waters of the different wells showed an increase in the total 
solids present. The increase in the case of well B was slower than 
in the others. The greatest difference was shown in the case of 
Well C, where it amounted to 1.0630 parts per thousand. The 
water table and the total solids had both begun to fall by the 18th, 
or seven days after the last rainfall. 


§ 40. The rising of the water table at times when there had 
been no rainfall has already been mentioned, as has also the effect 
of a slight moistening of the previously dry surface upon the 
height of the water table, but here we have the effect of 1.82 inches 
of rainfall upon the height of the water table reaching the consid- 
erable amount of 0.95 of a foot, or 11.4 inches, while the amount 
of water which fell was not sufficient to wet this soil for more than 
5 inches. The amount of the rise in the different wells varied con- 
siderably, as did the increase of tbe total solids. The former is 
probably due to the capillary condition of the soil at the different 
places, and the latter, partly to the solution of salts out of the soil 
through which the water rose and partly to changes in the condi- 
tions of diffusion, for the smallest change in the amount of total 
solids was not in the well that rose the least, nor in one which was 
usually low in total solids. 


§ 41. The increase in total solids present in the ground water 
was not always accompanied by an increase in its height. Our 
observations on the relation of these—increase in height of ground 
water and total solids contained—are not quite consonant with 
one another, but they agree that the effect of the addition of consid- 
erable quantities of water applied to the surface is to increase the 
amount of salts in solution. Sometimes the increase in the amount 
of the salts in solution and that in the height of the water plane 
fell together, but at other times they did not. 


§ 42. The influence of the changes in the water level, due to 
very light rains or other meteorological causes, was not marked 
enough to be noted without special study. 


§ 43. The solids in the ground water during the season 
1898, from May 24th till the end of October, were a little higher dur- 
ing the first two-thirds of the season, but lower during the last 
third, than in 1897; the water level was also very low, well D go- 
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ing dry about September 1, and B a month later, October 1. The 
differences in the individual wells were the same as in 1897, ex- 
cept in the extent of their variation. 


§ 44. No attempt was made in 1899 to continue the study of 
the relation of the height of the water table to the amount of total 
solids contained in the water. 


§ 45. The question whether the height of the water in the 
wells corresponded with the height of the water table in the soil 
was repeatedly suggested. Investigation showed that, for all of our 
purposes, it was safe to consider them the same. 


§ 46. The matter was apparently different with the total 
solids present in the soil and well waters, especially in newly madé 
holes in the soil, in which the solids were higher than in water 
from the near-by wells. This was not due to rain water falling 
directly into the wells, for they were covered to prevent this, nor to 
its running in from the surface, for the tiles which formed the lin- 
ing of the wells projected above the surface sufficiently to escape 
this danger. The ditference in the amount of salts present in the 
soil and well waters varied more than I expected them to. In one 
case, the water table being very high, within 18 inches of the sur- 
face, the difference in the amount of the total solids in the water 
taken from the soil and from the well, well A, was 2.6286 parts per 
thousand. In another portion of the plot where the water table was 
not so near to the surface, and where the soil was very different, the 
difference in the amounts of the total solids was only 0.4714 parts 
per thousand. 


§ 47. It was unfortunately not feasible for us to determine 
whether the water drained into the wells from the surrounding soil, 
higher than the water plane, or not. If this took place at all it 
would seem that it did not drain from a very wide area, the radius 
of the soil affected must have been very small, or we would prob- 
ably not have found so great a difference in the total solids present 
in the soil water and that of the wells. We made an attempt to 
determine the distance to which an under-drain would affect the 
height of the water table, and also to determine its influence upon 
the total solids present in the ground water at different distances 
from it; but as already stated, the experiment, owing to a variety of 
causes, was abandoned. The best data that I have bearing on this 
point was afforded by a well situated about two-thirds of the way 
from the east end of my plot to an under-drain east of and lower 
than the plot. The conditions here were in every respect better 
than in the plot under observation. They had probably not been 
so unfavorable to begin with, but assuming that they were the re- 
sults of cultivation and drainage, the drain being about 70 feet from 
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this well, was to reduce the total solids to less than one-half the 
amount found in the easternmost well in my plot, 254 feet west of 
it. This difference held throughout the two years these wells were 
under observation. These data are not so good as would appear at 
first sight, for the plot had been under experimental cultivation for 
several years, five at least, and I have no means of judging to what 
extent, if any, the changes were due to the direct action of the drain 
upon this ground. 


§ 48. If the water in the easternmost well was part of an east- 
ward flow out of my plot, a large amount of the salts, 50 per cent., 
had been removed from solution in flowing from the eastern por- 
tion of my plot to the well, a distance of not more than 250 fect. 
The observations, however, upon the dissimilarity of the salt con- 
tents of the waters of the different wells justifies a serious doubt as 
to the existence of a flow through the soil, or if any, it is a slow one 
and is accompanied by an extremely slow translocation of the salts 
in the soil. It is certain that the soil has the power of retaining 
salts, but there are reasons for believing that there are marked dif- 
ferences in the soil in this respect, and if there were a flow, this 
property of the soil would tend to retard the translocation of the 
salts. Some facts supporting this view will be mentioned under the 
subject of drainage. 


§ 49. There is another consideration which should be men- 
tioned, the difference in the amount of salts in the water actually 
in contact with the soil and that in the wells may indicate that 
the true soil water coming into the wells from the sides may have 
received an admixture of water coming from below, and from which 
those salts most readily retained by the soil had been partially re- 
moved. If this were the case it would be strongly suggestive of a 
flow through the gravel, and as the well referred to entered the 
gravel, the water may have been a mixture of waters, some enter- 
ing laterally from the soil and others rising vertically from the 
under-flowing waters. Such might be the case, even when the 
height of the water in the well and that in the soil outside of the 
well were the same, or so nearly so that refined means of measure- 
ment would have to be used to establish the difference. 


§ 50. That the water flowing through the gravel, even if it 
were water percolating through the overlying soil, should differ in 
its content of salts from the water in the soil, is in keeping with 
the observed fact that the total solids present fell as the water 
table fell. The soil through which the water table fell not having 
reached its point of saturation for these salts, retained them until 
an equilibrium between those in solution and those present in the 
soil had been established. 


§ 51. To what extent this well A and all the others were 
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affected by such mixing of waters has been a_ serious question 
throughout this work. The doubts entertained led me to have 
wells of different depths dug, and to endeavor to determine the ex- 
tent to which samples of water obtained from slightly different: 
depths taken from the same place and on the same date would 
differ. The results obtained prove beyond a doubt that the ordi- 
nary laws of solubility and diffusion are very radically modified 
and that the mixing of waters as suggested was improbable. 


§ 52. I stated in Bulletin 46, page 5, that the water in the 
gravel stratum was different from the water in the soil proper. 
This appears, from the preceding statements, to be almost a matter 
of course; but there is a broader sense in which it might be the 
case, as I was at one time tempted to believe, 7. ¢., that the water 
in the gravel might be practically cut off from the water in the soil 
by the clayey stratum overlying the gravel, and that the water in 
the latter came from higher ground and constituted a sheet flowing 
eastward through it. The possibility that such might have been the 
ease is evident, but I am satisfied that the clayey stratum did not 
suffice to separate the waters in the soil from that in the gravel, and 
I am doubtful whether the water from the higher land actually 
finds its way into the gravel as a distinct course for its flow. That 
it does not is indicated by our experience in June and July, 1899, 
when, because of an unusually large supply of water, the land to 
the west of us was excessively irrigated and the water table ‘in our 
plot was raised to within eighteen inches of the surface. This 
water either flowed above the clayey stratum or rose through it. 


§ 53. Transportation of the salts laterally through the soil 
did not, even in this case, seem to take place, for the individuality 
of the different wells was quite unaffected. Still the results of three 
seasons’ cultivation, irrigation included, shows the removal of large 
quantities of soluble salts, if the amount of these held in solution by 
the soil waters be a reliable index. ‘Taking the total solids in the 
waters of the different wells, ten days after irrigation, August 20, 
1897, and August 31, 1899, we have wells A, B, U, and D show- 
ing the following total solids respectively in 1897: 30.8571, 35.2857, 
3.8429 and 2.6429 parts per thousand; in 1899, 1.7857, 2.7286, 
2.8857 and 3.4000 parts per thousand. In the case of Well D, in 
1899, we have an increase, but after making allowance for all 
minor variations and a marked capriciousness in the amount of 
salts dissolved, there is still evidence of the removal of large 
amounts of the soluble salts from the soil. 


§ 54. The crops, as shown in Bulletins 46 and 58, did not 
remove these salts, and if they did not remain more generally 
distributed through the mass of the soil, whereby they would be 
rendered more difficultly soluble in water, they must have been 
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removed by drainage even though we were unable to detect the 
flow. 
CHLORIN IN THE GROUND WATER. 


§ 55. The amount of chlorin in the ground water was not at 
any time extremely high. The maximum for 1897 was 0.2400 
parts per thousand, unless we include one abnormal result ob- 
tained immediately after irrigating the plot, in which case we have 
0.3429 parts per thousand; this result stands alone for 1897. 
The same well, however, in 1898 showed two such variations 
reaching 0.8143 parts per thousand after an irrigation, and 0.5286 
parts on May 16th. The month had been wetter than usual, 2.9 
inches of rain haying fallen up to this date. With these excep- 
tions this well was not so high in chlorin as two of the other 
three. 


§ 56. The ratio of the chlorin to the total solids in the water 
ranged from 1:18 to 1:25 for well A from May, 1897, till May 1, 
1898; for well B it ranged from 1:15 to 1:19; for well C from 1:18 
to 1:22; and for well D from 1:16 to 1:22. In other words the 
salt, NaCl, found in the water did not, at any time during the year, 
amount to quite 1-9 of the total matter held in solution by the water 
and fell as low, in round numbers, as 1-16 of the total solids. In 
1898 the ratio of the chlorin to the total solids for the respec- 
tive wells varied as follows: for A, from 1:13 to 1:21; for B, 
from 1:14 to 1:16; for C, from 1:11 to 1:27; and for D, from 1:18 
to 1:33. The largest amount of salt, NaCl, present equalled 1-7 
and the smallest 1-20, or from 14.3 per cent. down to 5.0 per cent. 
of the total solids present. The latter part of the season of 1898 
was quite dry and the water table fell so that some of the wells 
went dry. The total solids fell with the water table and so did 
the chlorin, but not proportionately with the total solids; the latter 
fell from 4.1857 parts per thousand on May 23 to 2.3429 parts 
on November 7, and the former fell from 0.32400 parts to 0.11071 
parts per thousand in the same time. The total solids fell by a 
little less than one-half their quantity, while the chlorin fell by 


two-thirds of the amount present when the water table was high, 
May 23. 


§ 57. The chlorin in the water was no indication of the 
amount of total solids present except within the very wide limits 
given above, which were different for each individual well ; further- 
more its quantity varied with the falling of the water table differ- 
ently from that of the total solids, and increased in a most irregular 
manner when it rose, especially when the rising of the water table 
was due to irrigation or to heavy rainfalls. Experiments made by 
filtering salt solutions through sandstones have shown that they 
have a considerable power to retain it. Something similar prob- 


se 
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ably takes place in this case, but the conditions of equilibrium be- 
tween the salt solution and the soil are changed, perhaps are con- 
stantly changing, and the soil retains more of the sodic chlorid as 
the water table falls, or gives it up as it rises, sometimes in a most 
irregular fashion. Evaporation from the surface and capillarity 
undoubtedly influence these changes continuously. This view 
seems so fully conformable to what we know concerning the deport- 
ment of mixed salt solutions when in contact with soil that one is 
tempted to assert it as a demonstrated fact. 


§ 58. Two experiments were made in the hope of gaining 
definite data relating to it. An excavation was made and a sam- 
ple taken as soon as the water table was entered, a second sample 
was taken one foot below this, the water from the first foot being 
cut off as completely as possible so that the second sample repre- 
sented water from the soil one foot below the water table; a third 
sample was taken at a depth of an additional foot with the same 
precautions. The respective samples showed the presence of 
0.23286, 0.1771 and 0.1171 parts per thousand. Thirteen days 
later we repeated this experiment, choosing another portion of the 
plot for our observations. The sample of water taken at the sur- 
face of the water table contained 0.2129 parts, and the second one, 
taken a foot below the surface, showed the presence of 0.1457 parts 
per thousand. Two other samples were taken at greater depths, 
but the inflow of water was so great that the results were not’ so 
reliable. They showed, however, essentially the same as the sec- 
ond sample. : 


§ 59. The ratios of the chlorin to the total solids in the two 
experiments are not concordant and permit no inference whatever 
to be drawn from them. These facts establish what I have else- 
where stated, that the order of solubility of the different salts and 
the laws of diffusion are greatly modified by the properties of the 
soil particles and the relative masses of the soil water and the soil. 


§ 60. The effect of irrigation, particularly when sufficient. to 
raise the height of the water table, was to increase the absolute 
quantity of chlorin in the water, but not proportionately with the 
other salts. There were differences in the wells in this respect. The 
ratio of the chlorin to the total solids in well D before irrigation 
was 1:34, and after irrigation 1:64; in wells A and B the changes 
were in the same direction, but much less; in the case of well C the 
change in the ratio, though small, was in the opposite direction. 
The local conditions, including variations in the soil, seem to influ- 
ence the amounts of the salts taken into solution and especially the 
relative quantities of the same. The soil in the vicinity of well C 
contained, according’ to analysis, more than twice as much chlorm 
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as the soils in the vicinity of the other wells. The water soluble in 
this soil was less than in that about well A, but greater than in that 
about wells B and D for both the first and second two inches. The 
percentages of chlorin in the water soluble portions of the soils are 
not very different, but it is not probable that the salts present in the 
soils are the same. The whole of the chlorin may be present in the 
form of ordinary salt in one case and in the form of magnesic or 
some other chlorid in the other; this seems to be the actual case 
for we were unable to combine the results of the analyses of these 
different water soluble portions in the same manner. 


§ 61. It was hoped that the amount of the chlorin in the 
water and its variation from time to time might throw some light 
upon the movement of the alkali salts in the soil; but these seem 
so dependent upon local conditions and the character of the soil 
that no general deductions are justified. 


TOTAL SOLIDS. 


§ 62. The term total solids is here equivalent to alkali salts 
in solution in the ground water, and these are not the same as those 
which form the alkali incrustations, nor are they equal to the water 
soluble portion of the soil. These are three different mixtures of 
salts. 


§ 68. It has been given as the result of three seasons’ obser- 
vation on this plot that the amount of the total solids varied in 
different portions, as shown by the fact that the wells differed from 
one another in this respect, and that there was no relation in the 
rate or extent of their variations. This is not the case with the 
composition of the solids held in solution, as shown by more than 
one hundred complete analyses of the waters of the different wells. 


§ 64. I wish to emphasize the statement that the well waters 
represent the composition of all the water flowing into the well, be- 
tween the surface of the water table and the bottom of the well, also 
possibly of water coming from the gravel below the well, for it is 
certain that however abnormally the salts may diffuse through the 
solution within the mass of the soil, they are entirely relieved from 
the influence of the soil particles in the free water accumulating in 
the wells. These well waters probably represent the average free 
solution in the soil for a depth represented by the height of the 
water plane above the bottom of the well, especially if there is no 
hydrostatic pressure forcing water upward out of a more porous 


stratum, as might have been the case in some of my wells where 
they entered the gravel. : 


§ 65. I have two analyses which, taken with the conditions 
under which the samples were collected, will fully present this 
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view. 
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They are of water from wells designated as B and G re- 


spectively. Well B was put down in May, 1897, and had been 
opensfor a year at the time the sample in question was taken ; well 


G was put down the day the sample was taken. 


Well B reached 


the gravel at adepth of 6 feet, while well G was but 4 feet deep, 
leaving about 2 feet of a difficultly pervious soil between the bot- 


tom of the well and the gravel. 


follow: 


TABLE I.—ANALYSIS OF WATER FROM WELL B, MAY 30, 1898. 
' 


Analytical Per 

Results. Cent. 
Srl ier cehany We 10 Ae 0.541 
Sulfuric Acid’?.....<. 45.871 
Carbonic Acid........ 3.318 
Gorin oe cis05 27s. 6.239 
Dodie Oxdaas. & . ...2 LO65 
Potassre Oxid <i. 4s 0.200 
Walters ORI. vos ase 16.361 
Magnesic Oxid. 8.304 


Ferric and Alu. Oxids 0.031 
Manganic Oxid....... 0.021 
LECDIR RTOS Te One ieee Reais 5.235 


ROU Re y oetecie ee e 101.286 
Oxygen Eq. to Chlorin 1.406 


PEG ballets pore, 2 aoe SOOO 


The analyses of the two samples 


Eis | rs. 
Imp. Per Imp. 
Gal, Combined. Cent. Gal. 
1.176 Calcic Sulfate........ 39.704 86.317 
99.724 Magnesic Sulfate..... 24.934 54,207 
7.214 Potassic Sulfate...... 0.370 0.795 
13.563 Sodic Sulfate......... 10.173 22.166 
32.969 WOGIC.ClOrid- =. eee 10.292 22.376 
0.435 Sodic Carbonate...... 7.994 17.378 
35.568 Sodic Silicate......... 1.099 2.389 
18.054 Ferric and Alu. Oxids 0.031 0.067 
0,067 Manganic Oxid....... 0.021 0.045 
0.045 omutloniemcm see nee 5.235 11.381 

11.381 
SUM. cee. OO Soo: ALOT 
mee Excess Sodic Oxid.... 0.223 .050 
O57 i ens NS PORES 
Motall aoe 99.876 217.123 

217.139 


Total solids 3.1057 parts per thousand, or 217.4 grains per imperial gallon. 


TABLE II—ANALYSIS OF WATER. FROM WELL G,*MAY 30, 1898. 


Analytical Per 

7 Results. Cent 
SHNGICe A GlGsre cases oi 0.665 
Sulfuric Acid......... 46.504 
Carbonic Acid........ ~ 3.580 
@hloriness ese. sce, yates 6.226 
SodisiOxidae. co... .2. « 16.450 
Porascie Oxidasee a 8 OLS 
@Wateiey Oxi = sees. fo. 15.831 
Magnesic Oxid....... 8.297 
Ferric and Alu. Oxids 0.041 
Manganic Oxid....... 0.041 
Ibe TsO 2s Oa BOO 4,102 
SUING ae eee 101.652 
Oxygen Kq. to Chlorin 1.403 
ROLE Wave ore cine 100.249 


Grs 


206.353 
2.848 


203.505 


Grs. 

Per Imp. 

Combined. Cent. Gal. 
Calcic Sulfate........ 38.480 78.013 
Maegnesic Sulfate..... 24.897 50.541 
Potassic Sulfate...... 0.212 0.430 
Sodic Sulfate......... 12.444 25.261 
Sodice) @hloridiya.. .2e: 10.247 20.855 
Sodic Carbonate...... Hoy] 1rsy es 
Sodic Silicate........ 0.997 2.024 
Ferric and Alu. Oxids 0.041 0,083 
Manganic Oxid....... 0.041 0.083 
Tenitione..=.. Cee 4.102 8.327 
Sumieewee sae LOOOTSE20aabaO) 
Excess Silicic Acid... 0.174 0.353 
ENG tales ccs tae 100.244 203.493 


Total solids 6.7285 parts per thousand, or 203 grains per imperial gallon. 


$ 66. 


These two analyses differ slightly in the ratics of the 


respective salts to the total solids, but serve to justify the statement 
made above that the well waters may be assumed to faithfully 
represent the composition of the freely circulating waters within the 


soil to the depth of the well. 


This is still the case when the water 
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level changes. The samples, of which analyses have just been given, 
were taken when the water plane was relatively high and the ground 
water contained rather more than 28.5714 parts per thousand. 
The following sample was taken when the water plane had been 
raised by irrigating the plot, and the total solids present in the 
water were almost 70 per cent. higher than on May 30th, when the 
preceding samples were taken. While there are some differences, 
they are comparatively small, which fact appears most clearly from 
the percentage composition of the total solids as given by the direct 
results of the analysis which follows: 


TABLE III—ANALYSIS OF WATER FROM WELL G, JULY 11, 1898. 


Grs. Grs. 
Analytical Perm Linp. Per Imp. 
Results. Cent. Gal. Combined. Cent. Gal. 
pilicie: Acide... 55... O33T a eT49 Caleice Sulfate...2 2... 32.866 112.073 
Sulfuric Acid......... 46.106 157.221 Magnesic Sulfate. .... 27.162 92.622 
WarboniclAcidi...= .... 3.456 11.785 Potassic Sulfate...... 1.845 6.283 
Chiorineete ee 6.317 21.541 Sodie Sulfate..-...... 13.897 47.389 
Sodics Oxide: 46 1 17.165 58.533 Sodie Chlorid........ 10.424 35,546 
iPOLassiGu@xidaaaee: 1.002 3.417 Sodic Carbonate...... 8.333 28.416 
CaliciciOmdeos ata 13.539 46.168 Sodic Silicate........ 0.684 2.332 
Magnesic Oxid....... 9.052 30.867 Ferric and Alu. Oxids 0.070 0.239 
Ferric and Alu. Oxids 0.070 0.239 Manganic Oxid....... 0.060 0.205 
Manganic Oxid....... 0.060 0.205 fonitionhee wenn 4.352 14.840 
Vonitionseren ate 4,352 14.840 

a SUM senate 99.693 339.945 
Suniere rae 101.456 345.965 Excess Sodic Oxid.... 0.3837 1.149 
Oxygen Hq. to Chlorin 1.423 4.852 —_—_ 
5 See ee ee Totals 100.030 341,094 

TNopaliem aeter 100.033 341.113 : 


Total solids 4.7714 parts per thousand, or 341.0 grains per imperial gallon. 


§ 67. What has just been said is trueof the water of all of thé 


wells throughout the three seasons during which we had them 
under observation. 


§ 68. The salts present, that is constituting the total solids, in 
the waters are calcic, magnesic, and sodic sulfates with sodic car- 
bonate and chlorid. 


§ 69. In the analyses already given, and in those to follow, I 
have combined the acids and basis in the order adopted in Bulletin 
65, believing that this order represents as nearly as any other 
which might have been adopted, the salts which actually exist in 
the solution. It is certainly not always correct, but it gives us an 
easy and uniform method of statement. That it is not correct in 
every case is clear, for the sodic carbonate appears in the analysis 
as the normal salt, which when present in the quantities shown 
by the analyses, ought to react with phenolphthalein, but it does 
not, and is probably present wholly as the acid carbonate or bicar- 
bonate. The total carbonic acid in the waters as they were taken 
from the wells was not determined, still there is no doubt but that 
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the sodic carbonate existed essentially if not wholly as a bicarbon- 
ate. Again the calcic sulphate appears in the analysis without any 
water of crystallization, but it is in no way intended to state that 
calcic sulphate was actually present as anhydrite. I donot think it 
possible to tell just how these groups were arranged in the solution, 
how many of them were free and how many of them combined, 
but I simply present the probable combinations as an easy and con- 
venient way of expressing our results. The statement of the analy- 
sis is so full that further explanation is unnecessary. 


§ 70. I find it a common thing, almost a rule, that the 
analyses show a slight excess of sodic oxid, sometimes, however, the 
excess is silicic acid. I have also found this to be a common re- 
sult in the analysis of alkali incrustations. I attributed this excess 
to the probable presence of organic acids. Examinations for vola- 
tile organic acids did not justify the assumption of the excess being 
due to their presence, for I found them present in very minute 
quantities. The excess of sodic oxid is usually higher when the 
loss on ignition is high, than it is when this loss is low. The ex- 
cess is often very insignificant and within the limits of analytical 
errors. 


§ 71. For the purpose of presenting the general composition 
of the well waters I will give analyses of samples taken in the 
month of July, 1897 and 1898, because I think that the samples of 
this month show less uniformity than those of any other in which 
regular samples were taken. The following are all of the samples 
taken from these wells during this month, except some taken imme- 
diately after irrigation. 


TABLE IV.—ANALYSIS OF WATHR FROM WELL A, JULY 5, 1897. 


Gs. Grs: 
Analytical Per Imp. Per Imp: 
Results. Cent. Gal. Combined. Cent. Gal- 
pilicicpACidie a... O44 1.223) ele sCalcie sulfate... ..-. 36.500 94.207 
SUMP CUACIG. 5.4, * 48.853 126.090 | Magnesic Sulfate..... 28.795 74.320 
Carbonic Acid... 2... 997 554 Potassic Sulfate...... 0.594 1.533 
CONF Coralia ees) neaeieae arae 5.598 14.448 Sodic Sulfate. ...:...- 13.995 36.121 
SOUIC | OMIGhnn resale ate 14.373 37.097 Soaier @hlorides.nesen 4.233 23.830 
PotassieOxid ...,.-2. <- O321 10/829 Sodic Carbonate...... 4.815 12.428 
Calor Oxids.. e..8 14,999 38712 | Sodic Silicate........ 0.963 2.486 
Magnesic Oxid....... 9.596 24.767 Ferric and Alu. Oxids 0177 0.457 
Ferric and Alu. Oxids 0.177 0.457 Manganic Oxid....... 0.148 0.369 
Manganic Oxid....... 0.143 0.369 IneaainO Vern omdsls 6 boc. 4.410 11.382 
Monn GLO APTA a Nets aioe. =: 4.410 11.382 Suna. Ae te 99.625 257.133 
SLUM Sash 100.941 260.528 Excess Sodic Oxid.. . 0.054 0,139 
Oxygen Eq. to Chlorin 1.261 _ 3.255 Foca 99.679 957.272 
Mota esos a. 99.680 257.273 


Total solids 3.6871 parts per thousand, or 258.1 grains per imperial gallon. 
Sample taken six days after irrigation. 
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TABLE V._ANALYSIS OF WATER FROM WELL A, JULY 25, 1898. 


Grs. Grs. 
Analytical Per Imp. Per Invp. 
Results. Cent. Gal. Combined. Cent. Gal. 
SU eOP WG ls cB Suan Be oc 0.547 1.456 Calcic Sulfate... .... 37.366 99.468 
SUI AKO MANOS je oon 45.209 120.346 Maenesic Sulfate..... 25.568 68.061 
@axrboniceAcids are 2.140 5.656 Potassic Sulfate...... 0.106 0.281 
(OFM. wae Sedoboccaus Wx BE Sodic Sulfate......... 10.903 29.025 
Sodic Oxid'..2. 5... 14.014 37.572 Sodic Chlorid........ 10.681 28.433 
PO CASSICs OKI tan eras 0.057 0.452 Sodic Carbonate...... 6.155) “132i 
Calcice Oxide neers 15.397 40.988 Sodic Silicate,....... L111 2.958 
Magnesic Oxid....... 8.515 22.668 Ferric and Alu. Oxids 0,091 0.243 
Ferric and Alu. Oxids 0.091 0.243 Manganic Oxid....... 0.037 0.099 
Manganic Oxid....... 0.037 0.099 Vomitlontess etc cceee ee 8.621 22.948 
HoUMELON seria ee oes 8.621 22.948 Sum..... _.. 99639 265.237 
See ee eee 101.203 269.403 Excess Sodic Oxid.... 0.101 0.268 
Oxygen Eq. to Chlorin 1.459 3,884 (otatss eee 99.740 265.505 
Ho taliye. sia 99.744 265.519 


Total solids 3.8028 parts per thousand, or 236.2 grains per imperial gallon. 


TABLE VI.—ANALYSIS OF WATER FROM WELL B, JULY 5, 1897. 


Grs. , ERS: 
Analytical Per alnvp. Per Imp. 
Results. Cent. Gal. Combined. Cent. Gal. 
Silcie Acidh..... a: 0.646 1.406 Calcic Sulfate........ 34.3859 74.765 
Sulfuric Acid... .... 46.912 102.081 Magnesic Sulfate..... 24.908 54.189 
GanbonictAcidmsass... DelOOM aes Potassie Sulfate-eeoce 0.982 2.137 
Oleivorshy kk e eee Ostia IPAGIG) Sodic Sulfate ....... 17.149 37.316 
SOGiesO XI Gann tee 16679236294.) | SodievChloria=--sree 9.558 20.798 
Rotassic™ Oxide. .ae: ODS laioe Sodic Carbonate...... DPBS SM Siets 
Calcic Oxid..... .... 14.158 30.808 Sodie Silicate: ....... 1312) 2.855 
Magnesic Oxid.. 8.299 18.059 Ferric and Alu. Oxids 0.141 0.307 
Ferric and Alu. Oxids 0.141 0.307 Manganic Oxid....... 0.070 0.152 
Manganic Oxid. ..... 0,070 0,152 Temitionsantes eee are 5.909 - 12.858 
Tenglicn wo ae 5,909 12858 | Stimac.t!). aren .. 99.606 216.742 
A Slee aaa et 101.306 220.443 Excess Sodic Oxid.... 0.394 0.856 
Oxygen Kg. to Chlorin 1.306 2.842 | Total tnatom, 100.000 217.598 
otal wera 100.000 217.601 


Total solids 3.1085 parts per thousand, or 207, 6 grains per imperial gallon. 
Sample taken six days after ir rigation. 


TABLE VII.—-ANALYSIS OF WATER FROM WHLL B, JULY 25, 1898. 


Grs. < Grs. 

Analytical Va JEG Per Imp. 
Results. Cent. Gal. Combined. Cent. Gal. 
wilicie WAGE: ..4 tio. 0.619 1.750 Calcic Sulfate.... ... 34.339 97.076 
SulfureyAcian....+ sa. 45.837 129.581 Maenesic Sulfate..... 23141 65.420 
Carbonic Acid........ 2561 7.240 Potassic Sulfate...... 0.186 0,526 
OAMOTIIGS Rennie nee 6413 18.129 Sodie Sulfate. :.....-. 17.988 50.852 
Sodic Oxid......../.. 17.849 50.459 Sodier@hloriday ree 10.583 29.918 
Potassic Oxid........ 0.101 0,286 Sodic Carbonate... .. 6.175 17.457 
Caleic (Oxtd (sev. 14.146 39.981 Sodic Silicaté........ 1.258 3.556 
Magnesic ORC someday Cemlee Pals Ferric and Alu. Oxids 0.030 0.085 
Ferric and Alu. Oxids 0.030 0.085 Manganic Oxid....... 0.030 0.085 
Manganic Oxid....... 0.030 0.085 Lenitlonteper ete 6.117 17.293 
Temipionkase tect ose CL T3293 Clim See eee 99.847 282.968 
: SUNG erin 101.415 286.691 Excess Sodic Oxid.... 0.121 0.342 
Oxygen Hq. to Chlorin 1.445 4,085 Total..... ‘99.968 289.610 

Ota eee 99 970 282.606 


Total solids 4.0385 parts per thousand, or.282.7 grains per imperial gallon, 
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TABLE VIII.—ANALYSIS OF WATER FROM WELL GC, JULY 5, 1897. 


Grs. 

Analytical Per Imp. 
Results. Cent. Gal. 
SHLIGIG MA GIG... 6...) 0.408 0.816 
SMUAEUTIG TAGIC = fo. ot: 50.288 100.576 
CATDONIGA GIO. 25 dee: 2.550 5.100 
(OLAS Te 0 epee ane 3.294 6.588 
Sodic Oxid.:. .2.....: 15.651 31.302 
IPotassievOxig... io: 0.341 0.682 
Galeiev@xid o-- 2. .... 16.854 33.708 
Magnesic Oxid....... 7.623 15246 
Ferric and Alu. Oxids 0.260 0520 
Manganic Oxid....... 0.1387 0.274 
PREC RORP ae cree ew 2) 3 3.661 7.322 
f Sum ’..........101.067 202.134 
Oxygen Eq. to Chlorin 0.741 1.482 
ROAM As ocala 100.326 200.652 


Gs. 

Per Imp. 

Combined. Cent. Gal. 
Calcic Sulfate........ 40.901 81.802 
Magnesic Sulfate..... 22.874 45.748 
Potassic Sulfate...... 0.631 1.262 
Sodic Sulfate. ........ 19.003 38.006 
Sodic!C@hlorid teaser 5.433 10.866 
Sodic Carbonate...... 6.149 12.298 
Sodic Silicate........ 0.82!) 1.658 
Ferric and Alu. Oxids 0.260 0.520 
Manganic Oxid....... 0.137 0.274 
Lomitiongeaes oer er 3.661 7.322 
Sum. a) oe OOSTBEI1 9956 
Excess Sodic Oxid.. 0.447 0.894 
Rotal ener ee "100385 200.650 


Total solids 2.5714 parts per thousand, or 200.0 grains per imperial gallon. 


Sample taken six days after irrigation. 


TABLE IX.—ANALYSIS OF WATER FROM WELL C, JULY 25, 1898. 


Grs. 

Analytical Per Imp. 
Results. Cent. * Gal 
POINIECIC WACIO S.. ase. os 0.699 1.121 
DGhUrIGA GIO ...255 42. 46.151 84.965 
Carbonic Acid........ 3.911 7201 
OT Eee Pie co oe hae 4.770 8.781 
MedieLOxId: eens 19.651 36.177 
irotassie  Oxid=......... 0.015 0.028 
CaCICIOXIG ns hone 12.672 23.329 
Magnesic Oxid.. 8.200 15.097 
Ferric and Alu. Oxids 0.045 0.082 
Manganic Oxid....... 0.040 0.073 
Gana es ee ee 4.938 9.090 
SCE Ee. Woe: 101 0U2 185.944 
Oxygen Eq. to Chlorin 1.075 1.979 
Rta ns. seas 99.927 183.965 


Grs. 

Pen Jmp. 

Combined. Cent. Gal. 
Calcic Sulfate........ 30.752 56.615 
Magnesic Sulfate..... 24.622 45.329 
Potassic Sulfate...... 0.029 0.053 
Sodie sulfate........ 20.666 38.047 
Sodic C@hicrid 7.869 14.486 
Sodic Carbonate..... 9,423 17.348 
Sodiec Silicate........ 1237 e228 
Ferric and Alu. Oxids 0.045 0.082 
Manganic Oxid....... 0.040 0.073 
LonMitione ete. -eeeeccer 4,938 9.090 
Sums ..5....... 99:6210183;401 
Excess Sodie Oxid 0.304 0.560 
Notalee aac 99.925 183.961 


Total solids 2.6300 parts per thousand, or 184.1 grains per imperial gallon. 


TABLE X 
Grs. 
Analytical CT eLUD: 
Results. Cent. Gal. 
Silicate Acid. s........ 0.639 =: 1.040 
Sulfuric Acid........ 45490 74012 
Carbonic Acid........ 2.a0le “3825 
(Olmiorisaeg ¢ ee seyanence me 5.765 9.380 
OUCH ORIC 7 cates. siolevor 18.578 30.226 
Wotassie Oxids. 2. «22 ONG OST 
@aleicOxideck. 4-5). 14.619 23.785 
Magnesic Oxid........ 6.351 10.333 
Ferric and Alu. Oxids 0. oe 1.040 
Manganic Oxid....... 0.0 0.109 


: pee 3 inthe Aaa 
A NM oi. 101.269 164 765 
_ 2.113 


Totol solids 


—ANALYSIS OF WATER FROM WELL D, JULY 5, 1897. 


Grs. 

Per Imp. 

Combined. Cent. Gal. 
Caleic Sulfate........ 3.477 57.712 
Magnesic Sulfate..... 19.057 31.006 
Potassic Sulfate....:. 0.3538 ~=—-0.574 
Sodic Sulfate. ........ 20.893 33.993 


9.509 15.471 
5.669 9.223 


SOGIC PillcatOsse aeee DAs pail!) 
Ferric and Alu. Oxids 0.689 1.040 
Manganic Oxid....... 0.067 0.109 
lenitlonee ye tecteree 6.579 10.704 

Sumer cee eee 99.541 161.963 
Eixcess Sodic Oxid.... 0.429 0 698 

Potala ee eee 99.970 162.651 


2.3242 parts per thousand, or 162.7 grains per imperial gallon. 
Sample taken six days after irrigation. 
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TABLE XI._ANALYSIS OF WATER FROM WELL D, JULY 19, 1897. 


Grs. Grs. 
Analytical Per Imp. ; Per Imp. 
Results. Cent. Gal. Combined. Cent. Gal. 
Silicie: Acide same a 0.539 1.103 Calcic Sulfate... oc): 36.851 73.485 
Sulimuicy Acidic 45.095 92.309 Magnesic Sulfate. .... 20.789 42.555 
Carbonic Acid 2250s. 2.695 5.517- |. Potassic Sulfate...... 0.638 1.306 
Chlorine or see 6.271 125837 Sodic Sulfate......... 16.472 33.718 
SodievOxidh antec 17.089 34.981 | Sodic Chlorid...... >. 10.343 2 
(Potassicu Ox id penne 0.345 0.706 | Sodic Carbonate...... 6.498 13.301 
Calcict Oxidase yee 15185 31.084 Sodic Silicate........- 1.095 2.241 
Magnesic Oxid........ 6.928 14.182 Ferric and Alu. Oxids 0.207 0,424 
Ferric and Alu. Oxids 0.207 0.424 Manganic Osid....... 0.061 0.125 
Manganic Oxid....... 0.061 0.125 lenition vena n ern 6.490 (13,285 
enTtlOMgee o/s eelee 6.490 13.285 Suite beers 99.444 203.562 
SUM ee ae 100.995 206.553 Excess Sodic Oxid.... 0.047 0.096 
Oxygen Eq.to Chlorin 1.413 2892 Totals wot oe 99.491 203.658 
Motal eae aoe 99,492 203.661 


Total solids 2.9242 parts per thousand, or 204.7 grains per imperial gallon, 


TABLE XII.—ANALYSIS OF WATER FROM WELL D, JULY 25, 1898. 


Grs. GVS. 
Analytical Benes inp: Per Imp. 
Results. Cent. Gal. Combined. Cent. Gal. 
IlIcleLAIcTd aa yenee cone: 0.520. 1.208 Calcic Sulfate.......- 35.466 82.033 
uliuniceA cid a. ame 46.633 107.862 Magnesic Sulfate. .... 23.883 55.241 
Carbonic Acid........ 3.217 7.441 Potassic Sulfate...... 0.178 0.412 
Chloringennhes suse crsts 3.067 7.094 Sodic Sulfate......... 17.353 40.137 
Sodic Oxid........... 15.448 35.731 Sodic (Chloridiveancer 5.059 11.701 
IPotassicy Oxidant 0.096 0.222 Sodic Carbonate..... 7.757 17.942 
Calcic Oxideeer ene 14.610 33.793 Sodic Silicate........ 1.056 2.443 
Magnesic Oxid........ 7.959 18.409 Ferric and Alu. Oxids 0.087 0.201 
Ferric and Alu. Oxids 0.087 0.201 Manganic Oxid....... 0.087 0.201 
Manganic Oxid....... 0.087 0.201 Lomitloneeeees paar 8.821 20,404 
Leong COs, < meaeeess canes 8.821 20.404 ae es ere el ae 99.747 230.715 
Sigs oes ls 100,545 232,561 Excess Sodic Oxid.... O.107 0.248 
Oxygen Eq. to Chlorin 0.691 1.598 Toran 99.854 230.963 
Wotaleasere sacs 99.854 230.963 


Total solids 3.30429 parts per thousand, or 231.3 grains per imperial gallon. 


§ 72. These analyses present the highest limit of the sul- 
fates not only for this month but for the whole time that the plot 
was under observation. The sample from well C, taken July 5, 
1897, six days after irrigation, shows the presence of 50.29 per cent. 
sulfuric acid, SO;, which is nearly 1.5 per cent. higher than the 
next highest one given and is the highest, with one exception, in the 
whole series representing the three seasons’ work. That the aver- 
age percentage of sulfuric acid for all of the analyses made of these 
well waters is lower than that shown by these for the month of 
July may be inferred from the fact that there are only 8 in the 105 
analyses made showing 48 per cent. or more of this constituent. 


§ 73. The analyses given show almost as great a range in the 
quantity of chlorids present as the whole number of samples taken. 
There are only a few exceptional samples which show either higher 
or lower figures for the chlorids than those given. 
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§ 74. These samples also serve to represent the general com- 
position of the total solids present in this class of ground waters. 
As a matter of course it is not intended that one shall infer from 
this statement that the alkaline ground waters occurring in different 
parts of the state are so rich in total solids or that the different salts 
are present in the same proportions, but that the ground waters in 
alkalied sections are of this general type. I have not yet found any 
ground water materially richer in sodic chloride (common salt) or 
sodic carbonate. It is true that some surface well waters that have 
come to hand for analysis, have shown relatively much larger 
amounts of carbonates, while the total solids were materially less in 
quantity. These waters were from wells sunk for the purpose of 
obtaining potable water, or water for use in boilers, and I assume 
that the samples represented the best procurable quality of such 
waters. 


§ 75. The following analysis of a water struck at a depth of 
28 feet and occurring in atwo-foot stratum of sand, will serve for 
comparison with the analyses of ground waters already given. 
This sample of water was sent to us from Rockyford, in the 
Arkansas Valley: 


TABLE XIIT.—ANALYSIS OF WATERFROM ROCKYFORD, JULY 26, 1900. 


Grs. « Grs. 
Analytical Bee ein: Per Imp. 
Results. Cent. Gal. Combined. Cent. Gal. 
pilicie, Aeid (2% v.3-24;- 0.141 0.880 Calcic Sulfate........ 15,206 94.870 
Sulfuric Acid........ 45.136 281.603 Magnesic Sulfate..... 29.059 181.299 
Carbonic Acid........ 3.989 24.887 Potassic Sulfate...... Trace Trace 
@itloninteres oe. BA 12 DO.doe Sodie Sulfate........ 29.865 186.328 
POGGIO Xmas «ee eT) 138.986 Sodic: Chlorid®;,. 7c. 6.224 38.832 
iPotassie Oxid 5. 3..2 Trace Trace Sodic Carbonate...... 9.619 60.018 
CalCiGOxid' a. 0... se 3 6.264 39.081 Sodic Silicate..... .. 0.286 1.784 
Magnesic Oxid....... 9.684 60.418 Ferric and Alu. Oxids 0.010 0.062 
Ferric and Alu. Oxids 0.010 0.062 Manganic Oxid....... 0.040 0.250 
Manganic Oxid....... 0.040 0.250 LomMiIGION a Hs ean Re COO MEO OOD 
emi O Metre chs ca 9.233 57.605 Spee ee 99.542 621.043 
Slt gink eae . 100.546 627.307 Excess Sodic Oxid.... 0.152 0.948 
Oxygen Eq. to Chlorin 0.850 — 5.303 Pata bene ee 99,694 621.991 
Motalencnes a 99.696 622.004 


Total solids 8.9129 parts per thousand, or 623.9 grains per imperial gallon. 


§ 76. A sample of ground water from this locality, Rocky- 
ford, taken under my own directions, but at a depth of 12 feet, 
differed from the ahove in the relative amounts of calcic and mag- 
nesic sulfates, but the quantities of sodic sulfate and chlorid were 
nearly the same. 


§ 77. There is, as I have previously intimated, probably a 
difference between samples taken as soon as the water plane has 
been entered and after the well has been emptied several times by 
continued pumping or bailing; there is, besides, in shallow wells 
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at least, a difference due to the conditions which prevailed immedi- 
ately prior to the time of taking the sample. 


§ 78. Outside of these general features but little is shown by 
the composition of the ground waters as collected in the wells. The 
changes observed are not so great as were looked for, and when the 
variations due to, changes in conditions immediately before the 
taking of the samples have been allowed for, the uniformity 
throughout the period of observation, a period of nearly three years, 
leaves but little doubt of the correctness of the conclusion that, 
while the total solids may vary in their quantity and in composi- 


tion, too, within narrow limits, they remain in all essential respects 
the same. 


THE GROUND WATERS DIFFERENT FROM ALKALIES—ALSO FROM THE 
DRAIN WATERS. 


§ 79. The total solids, obtained by evaporating the ground 
waters, represent a different mixture of salts than that which is 
obtained by continued treatment of the soil with frequently renewed 
portions of distilled water, until it is so thoroughly exhausted that 
no sulfuric acid can be found in the solution after standing in con- 
tact with the soil for not less than 12 hours. Attention was called 
to this fact in Bulletin 65, where some analyses of the water-soluble 


portions of this soil are given, together with their most characteristic 
features. 


§ 80. In the following comparison we sball not make any 
attempt to assign causes for the differences which are undoubtedly 
to be found in the complex reactions taking place between the 
different salts or their ions within the mass of the soil, and also to 
the formation of salts de novo, due to the action of water as such, 
and of solutions upon the rock particles in the soil. In Bulletin 65 
the suggested explanation was confined almost wholly to the latter 
phase of the question because it is the simplest feature of it and 
conveys a sufficiently extensive view of the subject without intro- 
ducing any of the more difficult questions involved in the theory of 
solutions. For a fuller and sufficient explanation of the facts 
recourse must be had to this branch of the subject, but I shall con- 


tent myself with as clear a statement of the facts as I may be able 
to make. 


$ 81. The samples which I have chosen are a sample of water 
from well C, the water soluble portions from two samples of soil C 
and a representative alkali incrustation. The designation well C 
and soil C is equivalent to stating that the sample of soil was taken 


as near to well C as we deemed advisable, which in this case was 
within 11 feet. 
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$ 82. It is difficult to present this subject without reproducing 
all of the analyses representing the different sections of the plot, for 
they differ so much in character that one is not really representative 
of the plot. The suggested difficulties are still greater than the 
simple lack of representativeness, for it suggests that the chemical 
reactions taking place within very limited areas of soil may be but 
partially or not at all comparable. This difference is made 
strikingly evident by the difference in the salts present in the water- 
soluble portions of the first and second two inches of these soils. 
Whether I have adopted the proper order of combination or not 
does not matter. I have adopted the same method of interpretation 
in all cases, which in itself may be an error, still it brings out sevy- 
eral important and scarcely questionable differences. 


§ 83. I shall select section C for my present purpose, because 
it is less favorable to my presentation of this subject than B or D, 
and rather more favorable than section A. The reader who wishes 
to compare the results obtained for the other sections can find the 
analyses of the water-soluble portions of the soil in Bulletin 65, 


pages 36, 37 and 38. 


§ 84. The samples of soil were taken, one in May and the 
other in June. The sample of water was taken in June. It would 
have been better for the present purpose had they been taken at the 
same time as well as from the same place, but I have chosen these 
from the samples taken, as being the nearest together in the point of 
time of collecting. 


§ 85. The alkali which I use in this case was also collected in 
June, but nearer to well A than to well C. This, however, does not 
detract from its value for the purpose of comparison, for other sam- 
ples show that the differences in the alkali incrustations of this plot 
do not lie in the salts of which they are composed, but in their 
relative quantities. I have a sample taken nearer to well C, but it 
was taken in January during freezing weather, which, owing to the 
deportment of sodic sulfate at low temperatures, might make it less 
comparable than the one chosen. 


The arrangement of the analyses is evident. 


ford 
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TABLE XIV.—ANALYSIS OF ALKALI, INCRUSTATION. 


Analytical Per Per 
Results. Cent. Combined. Jent. 
SilictexA cidian: eee eee 0.491 @alcic- Sulfateeea eee 7.404 
SulfuriceAcid pew pee ea 52.403 Magnesic Sulfate............ 26.859 
Carbonicy A CiCm sen mentee 0.730 Porassic Sullatenaeer erate ae 0.088 
Ghiorin ks outs eee a ee 2 004 Sodic (Sultateu. eee eee 53.450 
SodiceOxidieeh- 25. eh eee 269i odie! Chloridmas. eee: 3.307 
IPOtASEICOX10 = pine aaa 0.048 Sodics Carbonate. meee 1,760 
@alcic Oxid aerate errr 3.050 SodiciSilicate.. sac. mereenee 0.997 
iIMagniesic Oxiduarni cement 8.951 Ferric and Alu. Oxids........ 0.030 
Ferric and Alu. Oxids....... 0.030 Manganiev@Oxid teu. eee 0.129 
Mangamic, Oxide kiana ae 0.129 Lomi tion ices) ye vate oe 5.384 
Peni tiGmmn canis cen tee ae 5384 | —- 
——_ | Suam.35. haw oe eee 99 408 
serial C eer ee nor cis 100.017 | Excess Sodic Oxid 0.157 

Oxygen nie to; Chiorinwycracs 0.451 
Total sts teen eee 99.565 

Oba Wes tote eee ereaer sen 99.566 


TABLE XV.—ANALYSIS WATER-SOLUBLE, SOIL C, FIRST TWO INCHES. 


Analytical Per Per 
Results. Cent. Combined. Cent. 
SHITCIOUANGICE cognac ascs upon onde 1.084 CalciesSulfatens. eee 43.260 
ULE TI CO ACIOM rr aeey crt erie ats 48.826 Maenesic Sulfate............. 24260 
hosphoriczAcidumcm acs ceeet None Potassie Sulfatey.).- 22 ae 2.475 
@anboniGeAcidiems waen co seeie 0 385 SodichSulfatemasseeeciee eae 10.789 
GNOEINE I ees ee Eye ee 4.321 Sodici Chlorides estar 7.128 
Potassic Oxid. USES ctor souls; Aeue rere 1 338 Sodie*Garbonater... 27. 0 928 
OLN. (OPI lewe ioe ee da Gs aane 10.190 SodiciSilicatelsnee eee 2, 202 
GalcickOxidteret ete sect he 17.826 Ferric and Alu. Oxids....... 
Macnesic OxXidh:.. ateieeeee 8 080 Mansanice@sd dereeir eae eae 0.342 
Ferric and Alu. Oxids....... Tenition. ) seme cen siete earierers 8.281 
Migvaeewinl OOo, sade. vac ooo Mae 0 342 Sires Ss mk onc Wie. 65 -, 09.665 
PomihLOneensc ct ts. coke en 8.281 Excess Sodie Oxide eee 0.031 
Sum. ........ sees eee 100.673 Totalsn.« nok aueaemeee 99.696 
Oxygen Equivalent to Chlorin 0978 
Motal. fy 32. th ee eres 99.700 


The percentage of water-soluble equalled 2.0544. 


TABLE XVI.ANALYSIS WATER-SOL., SOILC, SECOND TWO INCHES. 


Analytical Per Per 
Results. Cent. Combined Cent. 
LUICICRAGICbR mein ee a eta eee 9.095 Calcies Sulfate. asses 50.917 
Sul umicwACi clas eee t vane 34,832 Magnesic Sulfate............ 3.197 
PhosphioniGmACidw i... cs a. 0.522 Potassici sulfates eee OO) 
(Oairlorenie INGE. 3.4 cise nunoes 5.558 Magnesic Phosphate......... 0.963 
Chioringereeceiar a Onions cece: 2.663 Magnesic Chlorid.......... .. 3.565 
IEP Ohl obo5 once woe be oe 3.252 Maenesic Carbonate......... 8.646 
SOdiGu Oxide wine een wana ae 8.778 Sodic) Carbonates oan eee 2.490 
Calcick@xid aaa ero cite 20.981 Sodic Silicateeeeee eee 14.418 
NMasnesic: Oxidase ernie Welsh Ferric and Alu. Oxids....... 0.898 
Ferric and Alu. Oxids........ 0,878 Mangantci Oxider seem ett 0.245 
Manganic Oxide ae Gee 0.245 lonitiony tee Msc emer 6.996 
Tenitiom sc. see caer 6.996 Gai oie ene eee 98.351 
SUD sess een ae Eee 100.951 Excess of P Silicic INONG ns ads oc 1.998 
Oxygen Equivalent to Chlorin 0,600 Totals aan ene 100.349 
Potala sre tee eee 100.351 


The percentage of water-soluble equalled 0.813. 
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TABLE XVII.—ANALYSIS OF WATER FROM WELL C, JUNE 13, 1898. 


Analytical Per Per 
Results. Cent. Combined. Cent. 
PUMGIOVA CIO oh: ec has ce 0 656 Calq@c. Sulfaten-.. eee 35 054 
Sulfuric Acid Bros, Bie Sete eee hs 44.875 Magnesic Sulfate......... Boe Palsy 
Carbowie AGid i... 67. 3.517 Potassicmouliates nines eee 0.107 
Chlorin ae |e ee ne Ola: Sodics Sulfateres- se nceee ee 17.517 
Sodic Oxid. to LEN RR 4 Sale 18.108 Sodie: Chlorides seer eee 8.487 
PotdesreOxid © 2... cock 0.058 Sodic'Carbonatens cee 8.474 
Calcic Oxid ES Gehl ae oe 14.445 Sodic Silicatemss- eee eae 1.333 
MEARROSTICIO RIG. osc scics.ccch este 7.167 Ferric and Alu. Oxids........ 0.026 
Ferric and Alu. Oxids........ 0.026 Manganic:@xidsn- cer ee 0.041 
lane OS GS bed a ee en ee ee 0 041 Tonition we tessa eee nee 6.911 

Ignition. ACh SRO a Cee 
» Sum. sa satsnera ee OO) 
SUM eee Fo ace ~...100.948 Breese Sodiv Oxid eee ee oh 0.316 

Oxygen Equivalent to Chlorin 1159 
ee ES Totaly .3 ace 99.786 

Potaleesricm olen tee oe 99.789 


§ 86. The alkali or incrustation which collected on the surface 
of the soil is essentially a mixture of sodic and magnesic sulfates in 
the ratio of two to one. These two salts make up 80 per cent. of 
the whole mass. Calcic sulfate is subordinate in quantity, with 
sodic chlorid and carbonate still more so. 


§ 87. In the first two inches of the soil we find that the 
soluble salts consist largely of calcic, magnesic and sodic sulfates, 
which together form 78.3 per cent. of them, with the calcic sulfate 
predominant. In the second two inches the calcic sulfate consti- 
tutes almost 51 per cent. of the water-soluble portion of the soil, with 
magnesic sulfate subordinate and sodic sulfate absent. On the 
other hand, sodic silicate, which is very subordinate in the alkali 
and ground water, is here next in quantity to the calcic sulfate, and 
the potassic sulfate, which is present in scarcely more than traces in 
the alkali given, makes about 1-16 of the water-soluble portion of 
the second two inches of the soil. The potassic salts in the alkali 
incrustations which I have examined and which were formed as 
efflorescences, are sometimes higher than in the one given, amount- 
ing in some eases to about 1 per cent. In an alkali from South 
Park, Colo., the potassic salts were a little over 8 per cent., but the 
conditions are wholly different from those prevailing in our plot. 


§ 88. The variety of salts in the water-soluble portion of the 
soils seems to be greater and the relative quantities of the subordi- 
nate ones are much more nearly equal than in the alkali or the 
water. Reference to the analyses of the other water-soluble portions 
of the soils will show a tendency in this direction in the first two, 
but it is more marked in the second two inches of soil. In no case 
do we have an increase in the amount of the more soluble sodic and 
magnesic sulfates in the second two inches of soil, while that of the 
less soluble calcic sulfate is quite marked. 
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§ 89. The analyses of the waters from the wells agree with 
the one given in showing that the total solids in the ground water 
contain more calcic sulfate than the incrustations, but much less 
than the water-soluble portions of the soils, whether it is of the first 
or second two inches. The results of the analyses of other samples 
also agree relative to the magnesic sulfate, viz.: that there is almost 
as much in the water residues as there is in the incrustation or in 
the first two inches of the soil C, and more than in any of the other 
seven water-soluble portions examined. 


§ 90. The most marked difference is shown in the case of the 
sodic sulfate, which makes up 53 per cent. of the alkali incrusta- 
tion, 17 per cent. of the solids dissolved in the ground water, 10 
per cent. of the water-soluble in the first two inches of the soil, and 
is absent in the second two inches. The analyses given above do 
not stand alone in indicating this difference, but many analyses, all 
that we have made of the ground waters and three other soil sam- 
ples, indicate this to be a fact. Sodic sulfate is always a constituent. 
of the total solids in the ground waters, varying in quantity from 
less than 5 per cent. to 23 per cent. I may state here, as an un- 
looked-for result, that this salt almost disappears from the drain 
water coming from this area. 


§ 91. The appearance of these two salts, sodic and magnesic 
sulfates, in the incrustations, seems very reasonable if the sugges- 
tion made in Bulletin 65, that the incrustation is formed by an 
approximate separation of these efflorescent salts from the more 
permanent ones, especially calcic sulfate, at the contact of the water 
surface with the air, is correct. The suggestion of the formation of 
a double magnesic sodic sulfate lies near at hand in this case, but 
whatever the case may be, we are not justified by the ratio of the 
magnesic salt to the sodic salt in assuming its formation; besides 
there is no urgent need of it, as the deportment of these two sulfates 
toward the air surface is sufficiently different from that of calcic 
sulfate to permit of the separation as observed. The formation of 
these incrustations is very different from the simple evaporation of 
a solution of different salts to dryness, for these efflorescent salts are 
removed from the solution and its former status is changed. 


§ 92. Why the sodic sulfate forms so small a percentage of 
the water-soluble portion of the soil is not easily explained. That 
it should sometimes be found in the upper portions of the soil in 
large quantities is to be expected, even if asa rule it were present 
in small quantities only or entirely absent, for the tendency is to a 
separation of it on the surface, whence it may be carried back into 
the soil by rain or abundant atmospheric moisture, being retained 
within the surface layers ef the soil in which it may form a large 
percentage of the water-soluble portion. We have one instance in 
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which it forms 27 per cent. of it. But, remembering that this sul- 
fate does not pass into the drain waters, while it usually exceeds 10 
per cent., often rises above 17 and sometimes reaches 23 per cent. of 
the salts in the ground water, it seems strange that the water- 
soluble portion of the soil should so frequently give good reason for 
supposing it to be absent. I do not know any facts nor have I seen 
any statement of established or probable changes which will account 
for these facts as observed. 


§ 93. The magnesic and sodic sulfates are both present in the 
ground water, or their ions are, and constitute the efflorescent salts 
passing out of solution at the surface of the soil, or where the surface 
of the solution comes in contact with the air. Evaporation is pro- 
ceeding at this surface and the capillary movement of the ground 
water is rapid and free, for when the condition of the soil is such 
that we can sufficiently impede the capillary rise of the water, we 
prevent the formation of such incrustations. The result may be 
roughly presented as the movement of a free solution through the 
interstices of particles which are themselves not free to move, but 
capable of being modified in regard to their composition either by 
exchange or by attracting to themselves and retaining other salts. 
These processes may be subject to the greatest variety of modifica- 
tions, so that they are not exclusive or constant, and seldom per- 
fected, but vary from point to point within the soil. 


§ 94. It has been accepted for a long time that soils as a rule 
have a high power of retaining potassic salts and but a very feeble 
one of retaining soda salts. If this were wholly correct, we should 
expect to find the drain waters from such areas as the one forming 
the subject of this study loaded with soda salts, at least to the same 
extent, if not toa much greater one, than the ground waters. But 
we do not find this to be the case, and the conditions are such that 
it is not probable that the difference is due to the dilution of the 
drain waters from this area by water from other sources. 


§ 95. Under the subject of the total solids in the ground 
water, I stated the result of experiment to be an indication that 
they decreased with depth, that the first foot of water after entering 
the water plane was richer in total solids than the second, and so 
on. At first I did not believe this. An instance in point was well 
D, which on September 20th showed the presence of 3.4071 parts 
total solids per thousand. A temporary well opened on this date 
40 feet south of well D, the surface contour and the character of the 
soil being the same but the sample of water being obtained at a 
greater depth, probably two feet deeper, showed only 2.18713 parts 
total solids per thousand. The residue from the water of well D 
showed the presence of 16.87 per cent. of sodic sulfate, while that 
from the newly opened one showed 14 per cent., a difference of 
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nearly 3 per cent. in this respect. In this case we almost certainly 
had an admixture of water from points above that at which we 
endeavored to collect the water, for with our appliances we could 
not prevent it. The drain waters, in which we have a better sep- 
aration of the waters, show a still greater difference, both in the 
amount of the total solids and in the percentage of the sodic sulfate. 
We are justified in extending our statement that the ground water, 
in so far as it is a solution of salts, differs from the alkalis which 
effloresce, from the solution obtained by exhausting the soil with 
distilled water as previously described, and also from the drain 
water flowing from under the area. 


LITHIA IN THE GROUND WATHR. 


§ 96. Reference has been made in a preceding bulletin to the 
failure of an attempt to determine the lateral movement of this 
salt through the soil, or the rate and direction of the flow of the 
ground water. The detection of lithia in the samples of water tested 
to ascertain with certainty that my experiment was actually a 
failure, led me to test a considerable number of samples of the 
ground water and also samples of drain water to ascertain whether 
its presence was accidental or whether its occurrence was general 
and constant. The result was that its presence was established 
qualitatively in every sample tested, and these represented samples 
taken during a period extending over more than two years. ‘lhe 
quantity present was as a matter of course not large, but sufficient 
to be readily detected by the aid of the spectroscope, and in some of 
the samples sufficient for quantitative determination without great 
trouble. This element seems to be present in all of the water in 
this basin. Its presence was detected in the ash of beets grown 
upon this plot, and also in the ash of their leaves. This is peculiar 
for I have tested a number of ashes of alfalfa; some of it grown 
within this same swale and have never succeeded in detecting it. 


NITRATES IN THE GROUND WATER. 


§ 97. The results of the only determinations of the nitrates in 
the soil are given in Bulletin 65, page 45. The variation in the 
amount present in the different portions of the plot and also in the 
first and second two inches of soil is very considerable. The deter- 
minations are entirely conclusive that the conditions obtaining do 
not prevent the formation of nitric acid, and further, that its distri- 
bution in depth as well as from place to place throughout the plot 
is very uneven. The minimum quantity of nitric acid in a million 
parts of the air dried soil of the first two inches was 32 and the 
maximum 162; of the second two inches the minimum was a trace 
and the maximum was 9 parts. In A, the section of the plot where 
the conditions were most unfavorable to cultivation, there was 32 
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parts per million; in B, where the conditions of cultivation were 
good, but where we had trouble to obtain a good stand of plants 
and the ground water was generally the most heavily laden with 
total solids, the nitric acid was the highest, reaching 162 parts per 
million; in C, a section which is auite wet and yields incrustations, 
but in a less degree than A, the nitric acid falls to 55 parts per 
million, but it again rises to 86 parts per million in D, which sec- 
tion is in good condition and whose surface is always from 3.5 to 
6 feet above the water table. 


§ 98. We do not find nitric acid abundant in any portion of 
the plot in the second two inches, it being present in the sample 
from section A as a trace only, but it Increases as the ground rises 
to the westward until it reaches a maximum of 9.3 parts per million 
in D. 


§ 99. At the close of the season of 1897, 23 days before our 
crop was harvested, the ground water from the wells showed a range 
of total solids from 2561 to 3986 parts per million, while the nitric 
acid ranged from 4 to 7.8 parts. A sample of water taken from a 
newly made opening penetrating the gravel and quite near to the 
Town Ditch, an irrigating ditch, showed the presence of 2187 parts 
total solids and 11.34 parts of nitric acid per million. The water 
plane was low at the time these samples were taken. 


§ 100. On the 16th of May, 1898, the level of the ground 
water was not especially high, but the total solids were excep- 
tionally so, and the nitric acid in the waters of wells A and C was 
unprecedentedly high, 41 and 68 parts per million respectively, 
but this was not so in the case of wells B and D, which carried 5.0 
and 2.7 parts respectively. From this date, May 16th, the nitric 
acid fell continuously till June 6th, when owing to a rainfall there 
was a change in the soil conditions, followed by an increase of nitric 
acid in wells A and D and by a decrease of it in wells B and C. 
From this time, June 6th, till July 14th, the water table gradually 
fell and so did the quantity of nitric acid present; the surface of the | 
ground having become somewhat dry in the meantime. The 
plot received an irrigation on July 14th and the samples of 
water taken on the following day showed an increase in the 
amount of nitric acid present; but this increase was not uniform 
in the different wells. The water plane was raised according to 
the position of the wells, and the amount of water we were able 
to bring on the surrounding section, which -varied, as we had 
only a scanty supply of water at our disposal. The effects of this 
irrigation upon the total solids held by the waters was as marked 
as any that I have had the opportunity of observing. Wells A, B 
and OC rose from 28.0000, 29.2856 and 16.1429 parts per thousand 
on the 8th to 58.8571, 44.8571, and 58.1429 parts per thousand 
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on the 11th, while well D, probably due to accidental inflow of 
water from the surface, fell. The nitric acid rose in the mean- 
time by 7 parts per million in A, 13 parts in B, 18 parts in G, 
and 1 part in D. The largest increase, however, was observed in 
a well sunk in an adjoining plot which had been manured and 
which chanced to receive an irrigation at this time. This well 
showed 3.59 parts of nitric acid per million on June 27th and- 
475.63 parts on July 9th. The water table was raised, in this 
case, almost to the surface. 


§ 101. The duration of the effects of this irrigation upon the 
amount of nitric acid in the water was quite different in the dif- 
ferent wells. The greatest increase in my plot was shown in the 
case of well C, which, throughout the season, proved to be the rich- 
est in nitric acid of any of the four wells here considered, and also 
of all the wells on my plot of ground. The water of this well car- 
ried on the 8th of July 2.69 parts nitric acid per million ; this rose 
to 21.18 parts just after the irrigation and fell to 2.51 parts by 
August 1st. The nitric acid in well B did not increase to the same 
extent as in well C, but it feJl a little more slowly, and on this 
date, August lst, showed more than either of the other three wells. 
The quantities for all the wells ranged from 1.8 to 6.1 parts per 
million. 


§ 102. The rate of decrease was quite rapid at first, and while 
it gradually grew slower, it was quite abrupt at the end. The well 
alluded to as being in an adjacent plot may serve as an illustration 
of both the rapidity of the rise and the rate of decrease. On July 
4th, before irrigation, and with a low water level, it carried only a 
trace; on the 9th, after irrigation, and with the water plane near the 
surface, it carried 475.63 parts per million. In the next two days 
this fell to 242.0 parts, in the succeeding seven days it fell to 89.74, 
in seven days more to 35.89 parts, and in seven days more to what 
may be expressed as within the range of its constant content. 
This well behaved unlike the others, for while mine showed a tem- 
porary increase in nitric acid about August 8th, this one continued 


to decrease until there was less than 1 part of nitric acid per 
million. 


§ 108. Asarule the nitric acid was lower when the water 
plane was low, but there were variations which showed no relation 
to either the height of the water level or to the amount of the total 
solids present; for instance, the nitric acid in the water of well CO 
on August 1st was 2.5 parts per million, on the 8th 8.4 parts, on the 
22d 2.7 parts; the total solids on the 1st were 2.0143 parts per 
thousand, on the 8th 1.9143 parts, and on the 22d 1.8000 parts. 
The height of the water table on the Ist was 7.75 feet, on the 8th 
7.67 feet, and on the 22d 7.15 feet above the reference plane. The 
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increase on the 8th was probably due to a rainfall which took place 
on the 5th and 6th and amounted to 0.78 of an inch. There were 
also slighter rainfalls on the Ist, 2d, 16th and 17th, but the total of 
these amounted to only .12 of an inch, the heaviest one was only 
.O7 of an inch, too small an amount to produce an observable influ- 
ence. The comparatively small rainfall of .78 of an inch seems to 
have been the cause of the increase of-the nitric acid in the ground 
water, for the increase in the four wells was simultaneous, though 
quite unequal; the greatest increase being 6 parts per million, the 
least 1 part per million. The effect of this rainfall was not great 
enough to show in well E, as the nitric acid was falling at a rapid 
rate and our samples were not taken often enough to show small 
variations in the rate of falling. 


§ 104. There was a slight change of the water table between 
the 6th and the 8th, amounting to a few hundredths, the greatest 
being 0.08 of a foot. The actual distance of the water table below 
the surface at this time was from 3.0 to 5.2 feet. Under these 
conditions there can scarcely be a thought of the nitric acid, 
nitrates, having been added to the ground waters by its direct wash- 
ing downward through the soil. The wells in which the water was 
the deepest below the surface showed the greatest increase. This 
is what we would expect if the rain water simply flowed through 
the soil, carrying the nitric acid or its equivalent nitrates down with 
it. This amount of rainfall, 0.78 of an inch, is, however, insuffi- 
cient to wet this depth of soil. As the surface of this soil was in an 
almost air dry condition at the time of the rainfall, it was probably 
not wet to a depth greater than two inches, which is a liberal esti- 
mate, but if we put the depth to which the rain water penetrated at 
four times this estimate, it would not account for the rise in the 
water table, nor for the washing downward of the nitric acid to a 
depth of a little more than 5 feet. I think that the oscillation in 
the water plane and the increase in the nitric acid in the water 
were both due to the effect of the rainfall upon the capillary condi- 
tions of the soil; the nitric acid, more explicitly the nitrates, exhib- 
iting a downward capillary movement. 


§ 105. A sample of water taken from well A on December 
7, 1898, showed only a trace of nitric acid. This determination was 
repeated to assure myself that no mistake had been made, but the 
results were the same, corroborating the first determination. This 
was the fourth instance that we had met with in which there was 
only a trace of nitric acid present in the water. These four instances 
were met with when the water plane was low, but not when it was 
at its lowest. 


§ 106. Well A was located in a portion of the plot where the 
inerustations formed most abundantly, where the mechanical con- 
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ditions of the soil were most unfavorable and where the water plane 
was the nearest to the surface at all times. This last fact may have 
effected a more regular removal of the nitric acid as it was formed 
than in the other cases. Whether this is the explanation or not, 
the water from this well showed uniformly as much nitric acid as 
that of any of the other wells, though the first two inches of the 
soil was lower in nitric acid than the corresponding samples from 
the other sections, but irrigation did not increase the nitric acid in 
the water of this well as it did in some of the others. 


§ 107. Well C is located in the next most unfavorable section 
and the water level is in round figures 1 foot further below the 
surface than in well A. The nitric acid varied greatly in the 
water from this well, and its amount was immediately and greatly 
affected by irrigation or rainfall, even a light rainfall being fol- 
lowed by a marked increase in the amount of nitric acid. 


§ 108. JI have said nothing about well G, a shallow well near 
well A, in connection with the nitrates. This well was separated 
from the gravel stratum by two feet of soil and was only 12 feet 
from A. There was no more relation between the quantities of 
nitric acid in these wells, nor in its variations, than between it and 
wells farther removed. 


§ 109. A careful consideration of the results at my disposal do 
not justify me in making any comparison or assuming any relation 
as existing between the nitric acid in the waters of these different 
wells. There is a general similarity in their conduct, but it is greatly 
modified by, if not wholly dependent upon, the soil conditions in 
the immediate neighborhood of the well. Well A,on July 8th, be- 
fore irrigation, showed the presence of 1.79 parts per million and 
well G only a trace; on the 11th, after irrigation, A showed 15.2 
parts and G 19.2 parts of nitric acid per million; by the 25th inst., 
the nitric acid in A had fallen to 6.59 parts per million, and in G 
to 2.69 parts. The water plane was nearly the same in the two 
wells, it being 0.18 of a foot higher in G than in A. 


§ 110. The relation between the amount of nitric acid and the 
total solids is even less intimate than that of the chlorin to the total 


solids, which is practically equivalent to stating that there is no 
relation between them. 


_ § 111. An examination of the 300 determinations of the 
nitric acid in this ground water does not permit us to draw any con- 
clusions in regard to the effect of either the physical condition of 
our soil or of the amount and character of our alkalies upon the 
formation of nitric acid in the svil. The average of the soil sam- 
ples taken to a depth of two inches indicates the presence of 469 
pounds of potassic nitrate or its equivalent in every acre of soil 
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taken to this depth, @. e., two inches, which is a goodly supply. Our 
determinations, however, show that this statement cannot be ex- 
tended to the second two inches, and much less to the first foot of 
soil, the conventional depth on which to base such computations. 
Whatever the effects of our conditions may have been, they were 
certainly not prohibitive of the production of nitric acid. 


§ 112. I can find no examinations of ground waters with 
which to compare my results. The nitric acid in drain waters is 
another question, and I shall subsequently, in another bulletin, show 
that drain waters and ground waters from the same territory are 
not comparable, so that nitric acid determinations in drain waters 
are not available for my present purpose. I am compelled by the 
lack of better data to use samples of another ground water taken by 
myself as the basis of my statements in regard to the effects of our 
conditions upon this subject. 


§ 113. A sample of ground water from a field lying to the 
west of my plot, several feet higher, and of an entirely different as- 
pect and character, was taken 10 days after irrigation and showed 
the presence of 0.718 part of nitric acid per million. This land is 
in good condition, is not alkalized, water logged, or subject to the 
adverse conditions obtaining in my plot. The field, however, was 
in alfalfa at the time the sample was taken, July 5th, and the sam- 
ple represented the ground water in the soil at that time, for the 
sample was taken immediately after the hole was dug. The nitric 
acid in this sample is lower than was usually found in ground 
water from my plot, but is not so low as was sometimes found in it, 
but as these smaller quantities are exceptional, it is probably safe to 
conclude that the ground water in my plot is quite as rich, or even 
richer, in nitric acid than the average ground water of the neigh- 
boring soils. 

I did not know, nor even suspect at the time these samples 
were taken, that I could not compare them with drain waters, nor 
did I fully appreciate the fact that a sample of water taken from the 
soil represented so little beyond the conditions prevailing within a 
very few feet of the point where it was taken. 


§ 114. Judging from the amount of nitric acid found in the 
aqueous extract of the soil, especially in that from the first two 
inches and from the amount usually present in the ground water 
as represented by the wells, ranging up to 6 or 8 parts per million, 
but as a rule from 2 or a little less to 5 parts per million, the alka- 
lized condition was not unfavorable to the formation of nitric acid, 
The abundance of proteids in the beet crops grown on this ground. 
they being slightly higher than the average in this respect, also sup- 
port this view. 
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§ 115. The great difference in the amount of nitric acid in the 
first and second two inches of soil, suggested the question of a possi- 
ble reduction of the nitric acid from some cause. I had no reason 
to suspect the formation of ferrous salts, and the amounts of 
ammonia and nitrous acid found in the well and drain waters ex- 
amined for these constituents did not strongly support the idea of a 
reduction. The maximum amount of free ammonia found in the | 
well waters before irrigation was 0.0850 part per million, and after 
irrigation 0.5780 part. The maximum quantity of nitrous acid 
found in the well waters before irrigation was 0.0837 part per mil- 
lion, and after irrigation 0.1000 part. The increase in the free 
ammonia present after irrigation is not accompanied by a corre- 
sponding increase in the nitrous acid, but is greatly exceeded by the 
increase in albumenoidal ammonia, so that the probabilities are in 
favor of another source for it rather than that of the reduction of 
nitric acid. The nitric acid in these samples was, moreover, quite 
as high as the average, being 2.692 parts per million before irriga- 
tion and 7.628 parts per million after irrigation. 


§ 116. When we consider the large amount of nitric acid per 
acre, 293.14 pounds, existing in the uppermost two inches of this 
soil, and while the second two inches show less than a tenth as 
much, and further, that the ground waters are comparatively poor 
in it after as well as before irrigation, we are forced to the conclu- 
sion that there is a tendency in our soil to the concentration of this 
salt in the upper portions. Whether this is due to a very rapid 
formation of it at this point, or to the action of capillarity under 
our meteorological conditions, is an open question. Long continued 
cloudiness, with or without continued or heavy rains, which means 
impeded evaporation, is followed by a greater increase in the 
amount of nitric acid in the ground water than we have observed 
to be due to irrigation. In fact the increase due to irrigation has 
in no case been comparable to that observed after long rains. I 
have no explanation to offer for this fact unless we find one in the 
difference between the rate at which the nitrates tend to move up- 
ward, due to capillarity, whose effects are made more marked by 
our conditions, almost continuously favorable to a rapid evapor- 
ation from the surface and that at which they may be washed 
downward by the amount of water used. It is well known that the 
nitrates appear in alkaline crusts under favorable conditions, some- 
times forming several per cent. of the mass, but I have not found it 
present in any incrustation collected in Colorado except in traces. 


§ 117. I expected to find relatively large quantities of nitrates 
n the ground water, owing to the fact that the soil is not usually 
credited with any great power of retaining them when solutions of 
these salts are passed through them, and I at first assumed that 
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there was enough downward moving water in the soil, even when 
the voids between the soil particles were not completely filled with 
water to carry the nitrates into the ground water. Such does not 
seem to be the case, for if it were, the ground water immediately 
after irrigation ought to be richer in nitrates than they were found 
to be, even after making liberal allowance for the fact that the irri- 
gation might effect a dilution of the ground water. In the case of 
the total solids we find a very decided increase, more salts having 
gone into solution than was necessary to maintain the degree of sat- 
uration. This is true, too, of the nitrates, at least in a measure. In 
the case of the irrigation applied August 31st and September Ist, 
1899, the results were not uniform in regard to the increase of the 
nitrates in the ground water, indeed an increase in their quantity 
was the exception. This result was probably due to the fact that I 
had a more liberal supply of water than in any previous irrigation 
and the results were due to dilution of the ground water, owing to 
the addition ofa large quantity of water in ashort time. 


NITROUS ACID IN THE GROUND WATER. 


§ 118. I have given the limits found for the nitrous acid in 
the ground water, especially before and after irrtgation, in a preced- 
ing paragraph. Our examination of the water did not as a rule ex- 
tend to the determination of this constituent except in studying the 
effects of irrigation upon the composition of the ground water, off- 
flow and drainage, under which topic the results observed will be 
given more fully. The results of the determinations made indicate 
that as a rule the nitrous acid present in the ground water of this 
plot was low, not exceeding 0.0837 part per million, except imme- 
diately after irrigation, when it rose to 0.1090 part per million. 
The least quantity of nitrous acid was found in the ground water 
from the alfalfa field west of our plot, in which we found only a 
trace. 


§$ 119. The few samples of drain water which we examined 
were richer in nitrous acid than the ground waters. The ground 
waters were richer in nitric than in nitrous acid; while the reverse 
was the case with the drain waters. The cause of this might be a 
reduction of the nitrates in passing through the soil to the depth of 
the drain, which is about four feet, but the ratio of increase above 
that of the nitrates caused by irrigation suggests that it is rather 
due to the deportment of the salts of this acid toward the soil parti- 
cles. For while irrigation did not always increase the nitrates in 
the ground waters, it always increased the nitrites, and in those 
cases in which it caused an increase of the nitrates from 14 to 3 
times their previous amount, the nitrites were increased from 8 to 
30 or more times. It should be remembered that we always had 
very much smaller amounts of nitrites than of nitrates to deal with. 
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The presence of larger quantities of nitrites in the drain than in 
the ground water is more probably due to the deportment of the 
solution of these salts within the soil than to a reduction of the 
nitrates. This view is suggested by the facts stated above, and also 
by the fact that the off-flow water is poorer in nitrates than the 
ground water either before or after irrigation, while the nitrites in 
the off-flow water amounted to more than 200 times as much as was 
found in the ground water, but the amount was less than that which 
was found in the drain waters. I do not maintain that there is no 
reduction of the nitric to nitrous acid taking place in this soil, but 
simply that the appearance of the nitrous acid in the drain and 
off flow water in excess of the nitrates does not necessarily indicate 
a reduction of the nitric acid, but is probably to be explained in 
this case by the different deportment of these salts after they have 
been formed, without regard to the method of their formation. I 
stated in a former paragraph that I had no reason to assume the 
formation of ferrous salts or the presence of other conditions favor- 
ing the reduction of the nitrates in any unusual degree, micro 
organisms not included. 


AMMONIA IN THE GROUND WATER. 


§ 120. The ammonia and ammonia salts in the soil were 
shown in Bulletin 65 to probably amount to a little more than 
0.00211 per cent. of the soil. The amount of these salts in the 
ground water is small, ranging from 0.0230 to 0.0850 part per mil- 
lion. Irrigation increased this amount to from 0.0570 to 0.5780 part 
per million. The drain waters were found to contain from 0.0496 
to 0.0944 part per million. 


§ 121. The albumenoidal ammonia present ranged frona 
0.0674 to 0.3029 part per million in the ground water and was 
greatly increased by irrigation. The maximum found after irriga- 
tion was 3.1170 parts per million. This kind of ammonia does not 
pass into the drain very freely ; it amounted to 0.2299 part per mil- 
lion in the drain water from this plot. The comparatively small 
amount of ammonia found in the drain waters strengthen the state- 
ment made relative to the reduction of the nitrates to nitrites. The 
reader may be tempted to think that we intend to discuss the pota- 
bility of this water. Such is not the case. It is purely a matter of 


the soil conditions. It is for this reason that certain properties of 
the water are not discussed at all. 


AMOUNT OF NITRATES, ETC., REMOVED BY THE IRRIGATION WATER. 


§ 122. The question as to how much of the nitrates, nitrites, 
and ammonia of both kinds was taken from the soil by the water 
naturally suggests itself. This question is difficult to answer in re- 
gard to the ground water, for there are a number of considerations 
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entering into the answer which are not known with sufficient defi- 
niteness. The same may be true of the off-flow water, but this water 
is the same that flowed onto the soil, and, after having been in con- 
tact with it for a certain length of time, flowing over it for a dis- 
tance of 600 feet in this case, was collected for examination. The 
water as it flowed onto the soil contained only traces of nitrates; the 
first portions that flowed off contained 1.970 and 1.077 parts per 
million respectively ; the last portions that flowed off contained 
0.3590 and a trace respectively. 


§ 123. The ground water in two instances showed an increase 
in the nitrates from 1.970 and 2.518 to 3.231 and 7.628 parts per 
million respectively. In two other instances a slight decrease was 
observed. 


§ 124. The rapid diminution in the amount of the nitrates 
removed by the off-flowing water shows that their removal by the 
water flowing over the soil is very limited, probably confined to the 
very surface of the soil. In this connection I would recall the fact 
that comparatively large quantities of nitrates existed in the upper 
two inches of this soil. It is evident that the water upon coming 
in contact with the soil wets the uppermost portion before flowing 
over it; this takes place even when there is a good head of water. 
This wetting means a downward movement of the water at first, 
which may carry the nitrates not somewhat firmly held by the soil, 
down into the soil and beyond the action of the succeeding, over- 
flowing portions of water. 


§ 125. Itis stated above that two instances of a decrease in 
the nitric acid were observed after irrigation. This decrease was 
in wells Band D and amounted to 0.1840 and 1.0870 parts per 
million respectively. In the case of D, which was near the point 
at which the water was brought onto the plot and where the soil 
was a sandy loam, it may be that the irrigation water may have 
found its way into the well more directly than it was intended it 
should, or it may be that the amount of water received at this point 
sufficed to produce leaching, but I am very doubtful of this. 


§ 126. The water, especially the ditch water, used for irrigat- 
ing, contained an unusual amount of nitrous acid. Whence it came 
I did not attempt to ascertain, and it was probably not true of the 
water after it had been running for some hours. Some of the water 
used was what we designate as seepage water, and contained 0.2340 
parts nitrous acid per million. The off-flow was from 3 to 8 times 
as rich in nitrous acid as the ground water after irrigation. The 
amount of the off-flow was comparatively small. What relation it 
bore to the amount applied, I did not determine, nor have I any 
means of estimating how long the water collected was in contact 
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with the soil. No account has been taken of the amount of water 
evaporated, which was probably a larger fraction of the water ap- 
plied than we would think, possibly not less than a sixteenth of it. 
The rate of evaporation from a standard tank at the time this irri- 
gation was made was 6 inches in 80 days, and as our irrigation 
extended over 3 days, the evaporation probably amounted to fully 
.6 of an inch. 

It required about 34 hours for the water to flow the length 
of the plot, 600 feet, and produce an off-flow. The first samples 
of the off-flowing water were taken soon after the off-flow began, 
and the second samples were taken 8% hours later. At this time 
the off-flow was estimated to be about half of the on-flow. 


§ 127. The albumenoidal ammonia in the ground water was 
materially increased in two of the wells, but in the other two wells 
its amount was affected in a very much less degree. The off-flowing 
water was only slightly richer in this kind of ammonia than the on- 
flowing water. 


§ 128. The rate at which the water flowed over the ground 
and also the rate at which it passed into the soil probably exerted 
an influence upon the amount and kinds of salts taken into solution. 
An attempt was made to determine the rate at which the wells filled; 
they were measured, pumped down, remeasured, and the time noted 
which was required for them to fill again. The rate varied with 
the soil and other conditions, but our results indicated an inflow of 
from 7 to 11 cubic inches per minute, the water outside of the wells 
standing from 24 to 36 inches above the surface at the beginning of 
the experiment. This does not indicate so rapid a draining out of 
the water from a comparatively free surface as I expected. The 
surface varied in the different wells, but this requires nearly 30 
square inches to furnish one cubic inch of water per minute, or a 
square foot yielded at the rate of 4.8 cubic inches per minute. No 
attempt was made in this crude experiment to find out how much 
space about the well was affected by the lowering of the water in 
the well; it was very small at best. This rate of inflow would 
have diminished materially after a short time. I have elsewhere 
stated that the lateral movement of the solutions, which may be quite 
equivalent to water, is very small, if not zero, in this plot, for the 
amount and kinds of salts in the water in wells near to one another 
are different and maintain their individuality throughout a series 
of changes in the conditions of the ground water, including the ef- 
fects of irrigation. The rate of the flow into the wells does not seem 
to be sufficiently high to disturb the relation of the well water to 
the ground water to such an extent as to demand special considera- 
tion. The differences between the ground waters and aqueous ex- 
tracts of the soil already noted are not sensibly affected by the lat- 


THE GROUND WATER. 45 


eral passage of the solutions through the soil and probably not by 
their downward movement in the plot under discussion. If the 
conditions were changed, for example, by judicious and thorough 
drainage, then the question of alkali salts in the soil would be one 
of time and the amount of water applied to the surface. Our object 
from the beginning was not to study the effects of drainage as such, 
but the effects of cropping and cultivation where irrigation is neces- 
sary but drainage difficult or impossible. 


SUMMARY. 


1. The question of alkalization in Colorado resolves itself into a ques- 
. tionof drainage. 


2. Alkalization in this state has been made more apparent, and_ its 
effects increased, by over irrigation. 


3. Crops growing on alkalized soil with the water table quite near the 
surface were sensitive to drouthy conditions. 


4. The water plane is 1.83 feet higher at the west end of the plot than 
at the east end and the drainage is probably to the eastward. 


5. The inclination of the water plane to the eastward is less than that 
of the surface. 


6. The height of the water plane often changes without sensible cause, 
probably due to atmospheric conditions, pressure, temperature, etc. 


7. Light rains during dry periods produce, as a rule, comparatively 
great increases in the height of the water plane, probably due to modification of 
the capillary conditions. 


8. Light rains during an interval of abundant moisture when the soil 
is wet do not produce an increase in the height of the water plane. 


9. Moderate rains were sometimes accompanied by temporay depres- 
sion of the water plane. This was accounted for by the rate of rain fall, char- 
acter of soil and the air contained therein. 


10. The effect of an irrigating ditch running past the east end 
of the plot was to raise the height of the water plane by 0.30 of a foot 
at a distance of 142 feet from the center of the ditch. his raise was apparent- 
ly produced by the causing of a backward pressure and not by direct infiltra- 


tion of water. 


11. When the water plane rose due to changes in capillary conditions 
caused by light rain falls it usually fell to its former level in about three days, 
but when it rose after an irrigation it required from 10 to 13 days for its fall. 


12. The total solids, salts held in solution in the different well waters, 
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varied both in quantity and in the ratio of the different salts present. Their 
amount and character depended upon the conditions obtaining in the immediate 
vicinity of the well. 


13. The total solids rose and fell with the water plane, passing into the 
water asit rose, and remaining in the soil when it fell. This is the same as say- 
ing that the total solids in solution depend upon the relative masses of the water 
and soil and vary with the character of the soil, including the salts retained in it. 
The preceding is a general statement and does not consider the irregular increase 
or decrease of the total solids in the same well at different times. ‘hese are un- 
questionably dependent in a large measure upon the unlike conditions of chemi- 
cal equilibrium obtaining in the solution at different times. 


14. The increase in the amount of total solids ina well water is not 
always the greatest in those wells which show the greatest rise in the water plane, 
nor in those which usually show the greatest quantities of total solids. The 
increase in the total solids due to the rise of the water plane seems to be partly 
dependent upon the rate of diffusion through the soil. 


15. The height of the water in the different wells was essentially the 
height of the water table in the soil. 


16. The total solids in the well waters were less than in the water in the 
soil. This difference was not due to a mixture of water entering the wells from 
different sources, but was seemingly due to the modification of the laws of dif- 
fusion and solubility by the soil itself. 


17. The total solids in the ground water were lower in 1899 than in 1897 
as indicated by samples of ground water taken 10 days after irrigation. 


18. The chlorin, or its corresponding salt, sodic chlorid, was at no time 
very abundant in the ground water and bore no definite relation to the total 
solids, as the sodic chlorid ranged from 5 to a little more than 14 per cent. of 
their total weight. The increase or decrease of sodic chlorid, common salt, was 
not proportional to the increase or decrease of the total solids and did not serve 
as an index of either the amount of total solids present or of their variation, ex- 
cept within very wide limits. 


19. The chlorin may not always be present in the form of sodic chlorid, 
which is tacitly assumed in the preceding statement. Analytical results indi- 
cate that it may sometimes be present as magnesic chlorid, and the irregular de- 
portment of chlorin in the waters may be due to such causes, 7. e., differences in 
the manner of its combination. 


_ 20. The chlorin present in the ground waters and its variations in quan- 
ay throw but little or no light upon the movement of the alkali salts within this 
soil. 


21. The term total solids is equivalent to the salts constituting the free 
solution in the soil. The term represents a different mixture of salts than is 
found in the incrustations forming on the surface of the soil, or obtained by 
evaporating an aqueous extract of the soil to dryness. 


22. The total solids in the ground water varied greatly in the different 
wells, and also from time to time, in regard to their quantity, but only to a lim- 
ited extent in their chemical composition. The difference in the latter respect 
was almost exclusively confined to the relative quantities of the respective salts. 


23. The method of combining the analytical results has been adopted 
as convenient and probable, but not as infallible. 


_ _ 24. In combining up the analyses there is frequently a slight excess of 
sodic oxid, this is often within the limits of analytical errors, at others it is 
rather high. We have observed that this excess is usually higher when the loss 


on aputtioe is high and are inclined to attribute it to the presence of organic 
acids, | : 


25. The alkali incrustations from this plot consist essentially of sodic 
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and magnesic sulfates in the ratio of two to one; they together constitute 80 
per cent. of the mass. Calcic sulfate is subordinate in quantity with sodic 
chlorid and carbonate still more so, 


26. The salts dissolved in the ground water, the total solids, consist 
much more largely of calcic sulfate than of sodic sulfate, and contain about the 
same amountof magnesic sulfate as the incrustation from this plot. The ratio’ 
of calcic sulfate to the magnesic and sodic sulfates in the total solids is approx- 
imately 2:114:1. 


27. The salts extracted from the first two inches of the soil by continued 
treatment with water consisted of the same salts, they made up nearly 80 per 
cent of the total, but the ratio was approximately 4:2:1. 


28. The aqueous extract of the second two inches of soil contained very 
little magnesic sulfate, no sodic sulfate, and almost 51 per cent. of calcic sulfate. 
This extract showed a large amount of soluble silicic acid, corresponding to 14.5 
per cent. of sodic silicate calculated on the dried residue. 


29. The upper portions of the ground water are richer in total solids 
than the successively deeper portions and the salts in solution differ, especially 
in their relative quantities. 


30. There seemed to be an abundant formation of nitric acid in the 
upper portions of the soil, even in portions of the plot where the alkali salts 
were abundant. 


31. Nitric acid occurred so generally in the ground waters and its vari- 
ations were so dependent upon other conditions that we cannot judge of the 
effect of the alkalies present nor of that of the mechanical conditions. 


32. There was no relation between the amount of total solids and that 
of the nitric acid present. 


33. There was no relation between the different wells in regard to the 
quantity of nitric acid present or its variations. 


34. Irrigating the ground increased the nitric acid in the well waters, so 
did even light rainfalls, probably due to increase of capillary exchange of the 
nitrates between the upper portions of the soil and the ground water. 


35. The ground water from this plot is richer in nitrates than that from 
neighboring land which is in better condition. 


36. The nitrites in the ground water are relatively high and are in- 
creased by irrigation. This is probably due to the biological conditions of the 
soil and the deportment of solutions of nitrites toward the soil, especially in re- 
gard to the readiness with which they will pass through it. 


37. The free ammonia and ammonia salts were not especially abundant 
in the ground water, either before or after irrigation, though more abundant 
after than before. 


38. The ground water was slightly richer infree ammonia than the drain 
water from this plot. 
39. The albumenoidal ammonia in the ground water was not excessively 


high, but it was materially increased by irrigation. The albumenoidal ammonia 
did not appear to pass freely into the drain water. 


40. The amount of nitrates removed by off-flow water is probably quite 
limited as their quantity in the off-flow diminished rapidly. 
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Well B richest in total solids. 

Increase of total solid in wells B and D 
with a falling water plane, while they 
decreased in wells A and C, attributed to 
conditions of diffusion. 

Meteorological conditions and height of 
water plane, spring of 1898. 

Exceptional amount of total solids in 
water, May 16. 

Amonnt of water necessary to cause change 
in height of water plane not determined. 

Light rains during wet periods do not 
cause rise of water plane. 

Total solids in wells a and C exceptionally 


eee 
39-40. Effect of 1.82 inch rainfall on height of 


45. 
46, 
47, 


water table and total solids 
The height of water in wells and soil the 


same. 

Total solids less in the well waters than in 
soil water. 

Effect of drain on amount of total solids in 
well waters, Radius of influence of wells 
upon salts in soil probably small. 

Translocation of salts through soil im- 
probable. 

The water in the wells possib!y a mixture. 

Decrease of total solids with fall of water 
table explained. 

The waters in the wells probably not mix- 
tures 

The stratum of gravel underlying the plot 
not necessarily course of flow. 

Soluble salts eliminated by cultivation. 

Ratio of salt, sodic chlorid, to total solids. 
Variation in quantity of salt present not 
same as variation of total solids. 


. Chlorin present no measure of total solids 


present. 


Section. a Pe L 

58. Chlorin in ground water diminishes with 
depth. , ae 

60. Chlorin in ground water increased by irri- 
gation. 

61. Chlorin in ground water does not show the 
movement of the alkali salts in the soil. 

62. Total solids defined 

64. Weil waters represent the average free solu- 
tion in the roil. 

69. Method of combining analytical results. 
Method of combining results of analyses 
not always correct. 

70. Excess of sodic oxid in analyses. Excess 
of sudic oxid higher when organic mat- 
ter is higher. 

74. Surface well waters. 

78. Composition of total solids throughout ex 
periment. 

82. Individual samp es of water or soil not 
representative. ; 

86. Composition of alkali crust. 

87. Differences between alkali crusts and water 
soluble in soil Silicates in water and 
soluble of soil. Potassic salts in alkali 
crusts. 

88. Characteristics of water-solub'e portion of 


. Drain water not rich 
. Lower portions of ground water poorer 


soil. 


. Percentage sodic sulfate in alkali crusts, 


ground water, etc. 


. Double sodic-magnesic sulfate probably nob 


formed. t 


. Presence of magnesic and sodic sulfates in 


incrustations accounted for. 
in sodic sulfate. 


than upper. Ground water and drain 
water different. 

Lithia in the ground water. Lithia in ash 
of beets und beet leaves 

Nitric acid in air dry soil; 
inches 

Nitric acid in a'r dry soil: second two 
inches. 

Nitric acid in ground water, 1897. 

Nitric acid in ground water. 1898. Effect 
of irrigation on nitric acid in ground 
water. 

Dardiion of effects of irrigation on nitric 
acid. 

Rate of decrease in quantity of nitric acid 
after irrigation. 

Variation in amount of nitric acid caused 
by light rainfalls. 

Variation of nitric acidin ground water 
due to capillary movement of nitrates. 

Nitric acid absent in well! A, Dec. 7, 1898. 

Nitric acid in well A more constant than in 

the others. 

No relation between amounts of nitric 
acid in adjacent wells. 

Ground water richer in nitric acid than 
that from neighboring land 

Condition of plot probably nut restrictive 
of the formation of nitric acid. 

Free ammonia in ground water. Nitrous 
acid in ground water before and after 
irrigation, 

Nitrous acid in ground water. 

Nitrites less abundant in ground than in 
drain water. Nitrites increased more 
by irrigation than nitrates. 

Ammonia in ground and drain waters. 

Albumenoidal ammonia before and after 
irrigation. 

Nitrates in off-flowing water. 

Increase of nitrates in ground water 
caused by irrigation. 

pera removed by off-flowing water lim- 
ited. 

Decrease in nitrates after irrigation ex- 
plained. 

Drainage out of soil into wells slow. 

Summary. 

Tables I to XVII. 


first two 
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THE FEEDING VALUE OF BEET PULP AND FEEDING 
BEET PULP AND SUGAR BEETS TO COWS. 


By B. C. BUFFUM AND C. J. GRIFFITH. 


PART Il. INTRODUCTION. 


The natural conditions in arid America where a compar- 
atively small part of the land is reclaimed by irrigation and 
the rest will always be used as range for live stock, make 
the stock industry one of the most important features of our 
Agriculture. Withthe development of our irrigated farms 
has come smaller holdings of better classes of stock than 
those originally pastured on the ranges, and the farmer has 
become desirous of finishing his stock for market at home 
instead of selling feeders to be fattened in the corn growing 
states east of us. 

The growing of aifalfa on our farms to supply a rotation 
which will keep up the fertility of the soil has become an in- 
dispensible practice and this surplus hay is an important item 
of profit if it can be fed at home. 

Establishing the beet sugar industry has brought to our 
farmers another source of stock foods in the by products of 
the sugar factories, the most important of which is the beet 
pulp which is left after the sugar has been extracted. The 
coming winter we estimate that the factories now established 
in the state will produce over 150,000 tons of this pulp which 
will be available for feeding stock. Our farmers are custom- 
ers for large quantities of corn shipped in from Kansas, Ne- 
braska and Iowa, for which they pay large prices in order to 
enable them to profitably use their alfalfa in fitting stock, 
more especially lambs, for market. Anything which will 
make our own people more independent by producing their 
own feeds instead of purchasing from abroad is of inestimable 
value to the state. The Experiment Station is continually 
trying to solve this problem and furnish the information it 
may gain to those who can make use of it. The feeding 
value of sugar beets and of beet pulp, the comparative value 
of our home grown grains, and corn and of such new grains 
or new stock foods of whatever nature, and the combinations 
of these foods which will give the largest returns, are import- 
ant questions which have been receiving marked §at- 
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tention recently. We are now ready to publish bulletins 
giving the results cf a series of experiments which have been 
carried out to throw light on these questions. An experi- 
ment has been carried out on the sub-station at Rockyford 
by Mr. Griffin, to show the value of beet pulp combined with 
alfalfa for lamb feeding. Inthe present bulletin we give a 
brief resume of the value of beet pulp as determined in other 
places and report some trials in which beets and pulp were 
fed to cows on the College farm at Fort Collins. The in- 
formation of the value of pulp as determined in other places 
has been gleaned from every available source which we have 
reason to believe is reliable and in connection with our own 
investigations will give our farmers and stockmen some 
basis upon which to decide whether or not it will pay them to 
feed pulp to their stock. In addition to this bulletin, we have 
ready for publication a bulletin on “Swine Feeding in Col- 
orado” which reports trials with beets and pulp and which 
gives the only information we know of about the value of 
beet pulp for hog feeding, and also a bulletin entitled “Lamb 
Feeding Experiments in 1901-1902,” in which will be report- 
ed the results of our trials of pulp and beets in rations for 
fattening lambs. We speak only of the diffusion pulp such 
as comes from our factories. 


COMPOSITION OF BEET PULP. 


Professor Henry in his book “Feeds and Feeding” gives 
the result of sixteen analyses and seven trials of digestibility 
of beet pulp, which shows the following composition. The 
digestible nutrients are given: 


BEET PULP. AVERAGE OF 16 ANALYSES. 


Dry eee Protein. Carbohydrates. Ether Extract. Nutritive Ratio. 
).2 0.6 (3) — 


. 
eLoewd 


Analyses made by the California Station, published in 
their bulletins, show a nutritive value considerably higher 
than the above. These analyses also show the comparative 
value of beet pulp, pulp silage and sugar beet silage. 

The digestible nutrients only were calculated. 


CALTEFORN TA BERG -RUIER: 


drates. Calories. Ratio 
Beetrbul perce sc. 90 P325 8.19 0.14 164 SSH 
Beet Pulp Silage... 90 1.46 7.84 0.39 165 Ma 
Sugar Beet Silage... 70 4.38 23.02 ey 301 US Feat 


Analyses made by Dr. Headden, Professor of Chemistry 
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at the College, shows our Colorado pulp to have the follow- 
ing composition: 
COLORADO BEET PULP. 
Dry Matter. Protein. Carbohydrates. Fat. Nutritive Ratio 
10.0 0.38 7.36 0.2 1:20.5 

The crude fibre and nitrogen free extract were reported 
separately but we combine them under carbohydrates. Ac- 
cording to the Calfornia analyses, the beet pulp silage has a 
narrower ratio and a little higher food value than the fresh 
pulp, which seems to be the general experience in practice. 
It will be noted that the fresh pulp is apparently worth be- 
tween one-third and one-half as muchas the sugar beet when 
made into silage. 

The places are not given where the analyses reported by 
Henry were made; possibly they were all from Europe, and if 
so, itis possible that the diffreence between the beet pulp 
there and in this country would be as great as that shown. 
The analysis given in the Report of the United States De- 
partment of Agriculture as an average analysis, is about 
midway between the ones given above. 

The nutritive ratio from the analysis is given as °1:7.2, 
which it is pointed out, is near the standard ratio for a fatten- 
ing steer, according to the given standard. 

The analysis of the Colorado pulp gives a lower amount 
of protein and a little more carbohydrates and fat than the 
composition as given by Professor Henry. This makes the 
nutritive ratio correspondingly wide. 


RESULTS OF FEEDING TRIALS: 
EUROPE. 


Some experiments in feeding pulp in Europe as given in 
the year book of the U. S. Department of Agriculture for 
1898 are of especial interest to us, as the roughage used was 
alfalfa hay, the ration being enriched by using linseed oil- 
cake. The following table presents these results. The value 
per tonof pulp is computed from increase in weight and 
value of other foods given. 


ANIMALS. FEED. 
Pulp. Alfalfa. Linseed Cake. Grain per Day. Value of Pulp 
Ibs. lbs. Ibs. lbs. per Ton. 
Beef Cattle....115.0 6.6 6.6 2.214 31.18 
Wrens. 2.2... --2120-5) 12.0 2.2 =< 0.87 
SMeCp ee 2... 11.8 ial 0.44 0.3 1.58 
Ewes _.— —— = —— 1.10 


PN SENS Bence Seto See ace eS et PEED, 
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It was stated that the oxen fell off in flesh the first fifteen 
days on pulp, but after that they gained and did more work 
onthe pulp ration. The ewes were givena little larger 
ration than the sheep. An experiment in feeding milk cows 
was said to be even more satisfactory but the comparative 
value of the pulp was not indicated. 


CALIFORNIA. 


The California Experiment Station has published some 
general statements regarding the value of pulp. Different 
stockmen replied that they could afford to pay from 25 cents 
to $1.00 per ton for beet pulp. One man placed the value of 
fermented pulp at 25 cents per ton more than fresh pulp. 
The pulp there is fed with oat and barley hay and straw, 
along with chopped grain and cottonseed meal. It is claimed 
that the meat dresses whiter and with less sinews when fed _ 
pulp. An experiment is reported in which pulp was fed to 
cows and its effect on feed consumed, milk flow and butter 
fat noted. An accurate account of the hay was not kept, but 
approximately when no pulp was fed, the cows consumed 
twenty pounds of hay per day, in addition to eight pounds of 
grain. When given pulp, the consumption of hay varied 
from 6 to 16 pounds, depending upon the amount of 
pulp, which varied from 20 to 80 pounds per day. The 
effect on the milk flow was beneficial, but there was no 
appreciable effect in raising or lowering the proportion of fat 
in the milk. 

MICHIGAN. 


_ The Michigan Experiment Station has carried out some 
interesting experiments in feeding beet pulp. In one experi- 
ment pulp was fed to steers at the rate of 55 pounds per day 
along with mixed hay, shredded corn stover and ground 
grain. The amounts of foods given and eaten were compar- 
ed with a check lot not given pulp. It was found that one 
ton of pulp took the place of 421.5 pounds of corn stover, 274 
pounds of mixed hay and 68.8 pounds of grain. At Colorado 
prices of $4.00 per ton for the roughage and 1% cents per 
pound for the grain, this would give the pulp a value of $2.25 
per ton. 

In another experiment 13,775 pounds of pulp gave an in- 
creased gain of 280 pounds of beef. Giving the increased 
gain a value of 7% cents per pound would indicate that the 
feeding value of the pulp was a little more than $3.00 per ton. 

_ Experiments with milk cows showed that the pulp, when 
given with hay and grain, increased the flow of milk some- 
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what but did not add to the yield of butter fat. This report 
states that owners of growing and fattening cattle declare 
that pulp saves one-third of the coarse fodder. 


NEW YORK, 


The Cornell Station reports experiments in feeding beet 
pulp to cows. Their conclusions are as follows: 

“The cows, as a rule, ate beet pulp readily and consumed 
from 50 to 100 pounds per day, according to size, in addition 
to the usual feed of 8 pounds of grain and 6 to 12 pounds 
of hay.” 

“The dry matter in beet pulp proved to be of equal 
value, pound for pound, with the dry matter in corn silage.” 

“The milk producing value of-beet pulp as it comes from 
the beet sugar factory is about one-half that of corn silage.” 

“Beet pulp is especially valuable as a succulent food, and 
when no other such food is obtainable it may prove of great- 
er comparative value than is given above.” 

In the dairy districts of New York and other states 
where factories have been established, beet pulp is coming 
into great demand for cows. 


NEBRASKA AND OTHER’ PLACES. 


In New Mexico, sheep, and in Utah, cattle, have been 
successfully fattened and put on the market with no other 
food than pulp and alfalfa hay. 

In Nebraska some valuable data has been obtained with 
both sheep and cattle. Experience there indicates that a 
maximum amount of 4o or 50 pounds pulp per day for each 
steer gives better results than larger amounts. Mr. John 
Reimers, whose report on pulp feeding has been often quot- 
ed, states that cattle eat the same amount of hay and grain 
when given only moderate amounts of the pulp, but that they 
lay on flesh more rapidly, shortening the feeding season, and 
that the pulp gives extra gains of from 50 to 75 pounds in 
three-fourths of the usual time, which results in a great 
saving of grain and roughness. His pulp-fed cattle dressed 
and shipped as well as any other, even for export. Many 
general reports have been made by those who have fed this 
important by-product of the sugar factories and all testify to 
its value both for fattening and the production of milk. 

In Colorado some extensive feeding has been done with 
with pulp. Several feeders in the Arkansas Valley have fed 
large quantities to both sheep and cattle during the past two 
years. Col. J. A. Lockhart at Rockyford fed 3,700 head of 
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cattle during the past winter using beet pulp, alfalfa hay, 
sorghum, cotton seed meal, corn and bran. He has kindly 
offered to furnish the Station with his results, and as the. 
feeding was done on so large a scale the data obtained will 
be very valuable. Mr. Rhodes, of Las Animas, fed 2,200 
lambs on pulp, and speaks very highly of the pulp. There 
was practically no loss of lambs, they made large gains, and 
he states that the saving of hay while they were receiving 
the pulp was very marked. Several feeders at Loveland, 
Colorado, who fed pulp last season will feed on a larger scale 
the coming winter. Mark Austin, the Agricultural Super- 
intendent for the Loveland Sugar Factory, profitably fed 
lambs and cattle, and Wm. Davis, a farmer north of Love- 
land, tells us that his cattle did exceeding well on the pulp 
ration. 
USEZORS PUR: 


It should be stated that the attempts to compute the cash 
value of pulp compared with other foods do not indicate its 
total value. It supplies a succulent food at a time when such . 
food is either not available or is scarce, and its effect on stock 
seems to be much more favorable than either its chemical 
analysis or the return in increased meat or milk would indi- 
cate. Toits actual nutritive effect asa food should be ad- 
ded its general effect on the quality of meat and milk and 
on the animal system. Pulp undoubtedly overcomes much 
injurious effects of dry and concentrated foods, puts the sys- 
tem in good sanitary condition, keeps off disease, and so aids 
the appetite and digestion and assimilation of food that there 
is less waste, both of food which is generally discarded in eat- 
ing, and that which usually passes through the animal un- 
digested. 

There seems to be no difficulty in regard to keeping beet 
pulp. While there is some loss of material when placed in 
open piles, the fermentation which takes place seems to be bene- 
ficial rather than otherwise. Animals eat the sour pulp as 
well, and after a little time even better than they do the pulp 
fresh from the factory, and the dry beet chips on the surface 
of the piles are very palatable to sheepand cattle. Nebraska 
feeders claim that pulp which has been left in open piles for 
two or three years is as good as ever. 

No injurious effects have been observed from feeding 
pulp, unless coo large amounts are given before the animals 
become accustomed to it. The Michigan Station warns feed- 
ers against too liberal use of pulp from frozen beets. Freez- 
ing does not seem to injure the pulp itself, except that it 
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probably does not pay to feed large amounts of frozen pulp 
in cold weather, as the animal must expend much food 
energy to raise the temperature of the pulp to the heat of 
the body. Utah reports a case of the pulp becoming poison- 
ed in shipping. The pulp was shipped in freight cars which 
had been used in shipping lead ores from the mines, and the 
pulp absorbed enough of the lead to make it dangerous to 
stock. 

During the past spring the Denver papers gave an ac- 
count of cattles mouths becoming sore from eating pulp, 
claiming that the injury was produced by acids added to the 
pulp in the process of manufacture. This is hardly possible, 
as the pulp is subjected to nothing but hot water at the fac- 
tory. Through the process of fermentation from long keep- 
ing butyric and acetic acids develop in pulp, but we have no 
ents of any injurious effects from feeding fermented 
pulp. 

The greatest difficulty with pulp feeding is that the large 
amount of water it contains makes it heavy and rather ex- 
pensive to handle, and it is sometimes difficult to keep the 
animals dry and comfortable while feeding large amounts of 
it. The feeder who is near the factory and has the appliances 
so arranged that he can handle the pulp with the least ex- 
pense, should make the greatest use of pulp and will gain the 
greatest profit from its use. If it can be placed before stock 
at a cost of not more than one dollar per ton, we believe it 
will bring good returns for the investment, and in many in- 
stances it may be worth two or three times this amount. 
Whether fresh, fermented, or dry, beet pulp is a valuable 
stock food, and one of which our farmers should make the 
largest possibie use. 

As an example of how pulp may be combined with other 
foods in forming a ration, we give the following illustration: 


RATIONS WW itis BEE PuUeEPr. 
FATTENING CATTLE WEIGHING I,CCO POUNDS. 


FIRST PERIOD. 


Dry Carbo- Nutritive 
Matter. Protein. hydrates. Fat. Ratio. 
Standard Ramone... 30 2.5 15.0 0.5 TGS 
Niall rae on Semele 1.65 5.94 0.18 
Beet Pulp .22 7d: EG 0.45 OAT 
Cotton Seed Meal 2 ‘S 1.8 0.75 0.3 0.24 


Pal 2.85 ikl 0.42 1:4.4 
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SECOND PERIOD. 


Dry Carbo- Nutritive 
Matter. Protein. hydrates. Fat. Ratio. 

RS Ure IO CLR T Cline ee eee eta a! 3.0 14.5 0.7 We5.4 
PAU EAT ce eee Acme 15 Ibs. 137, 1.65 5.94 0.18 
Beet Pulp........... ...29 DES) 0.15 1.8 
Cotton Seed Meal 2 “1.8 : 0.75 0.3 0.24 
Corn Meal............. Ge ee OG 0.46 4.0 0.26 

23,36 3.01 12.04 0.68 1:4.5 


The larger part of the above information has been 
gleaned from the following authorities: 


Colorado Experiment Station Bulletin No. 46. 

Cornell Experiment Station Bulletin No. 183. 

California Experiment Station Bulletin No. 132. 

Michigan Experiment Station Bulletin No. 193. 

Yearbook U. S. Department of Agriculture 1898. 

Special Reports, Division of Chemistry, U.S. Department of Agri 
eulture, 1897, 1898, 1899. 

Utah Experiment Station Bulletin No. 74. 


FEEDING BEET PULP AND SUGAR BEETS TO COWS; 


PART Il. INTRODUCTION. 


The experiments here reported were among the first 
planned to compare the feeding value of sugar beets and 
pulp from beet sugar factories. The value of roots to fur- 
nish succulent food during the winter when green pasture is 
not available, has long been well understood, and such suc- 
culent foods are considered especially desirable for cows pro- 
ducing milk. The pulp has a smaller nutritive value than 
beets because the sugar and salts which have been extracted 
at the factory are important food products, but there is no 
question about its succulence. Fresh pulp contains about ten 
per cent more water than beets. If the office of roots in a 
ration is to supply juicy foods which will aid in the digestion 
and assimilation of the roughage and grain fed with it, rather 
than for the nutritive effect, we would expect pulp to possess 
the necessary qualifications. The manufacture of silage from 
corn and other roughage is done to extend the summer con- 
ditions of green food through the rest of the year 
when the animal’s system is apt to become clogged with 
dry grain and dry hay to such an extent that the digestive 
tract does not perform its normal function. 

That the main use of roots or beet pulp is to prevent 
mal-nutrition and insure general health, rather than to sup- 
ply food, can hardly be questioned. Food nutrients can be 
supplied in concentrated form, but in order for the animal 
to make use of them he must be given bulk to fill up and 
distend the digestive organs, and the food must be porous 
and permeable by the digestive fluids. Laplanders eat in- 
fusorial earth, which is simply a chalky soil, to help fill up 
the stomach and dilute the whale blubber which is almost 
pure fat and forms the chief part of their diet. 

Beets or beet pulp given our farm animals supply 
quantities of tender living plant cells which are filled with 
juices and which dilute, soften and separate the particles of dry 
hay and grain so the nutritive qualities of the whole may be 
more efficiently digested and absorbed out of the mass. This 
is aptly illustrated by a statement made to one of us by a 
feeder of long experience. Hestated that one winter he fol- 
lowed the usual practice of running hogs with his steers to 
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consume the undigested corn. The hogs did usually well un- 
til he added the beet pulp to the corn ration for the steers, 
when they so thoroughly digested the corn that the hogs 
starved and he was forced to give them other food. 

Both beets and pulp have nutritive values, that of the 
beets being greater than that of the pulp. They contain so 
much water which is merely bulk, that a cow would hardly 
be able to eat enough of the pulp, at least if given no other 
food, to supply her maintenance, and there is a limit to the 
amount of such foods which can be profitably used. Some 
experiments report cows eating as much as 120 pounds of 
pulp daily, or forty to sixty pounds of beets. However, exces- 
sively large amounts of beets are dangerous, as they contain 
small amounts of a poison principle which may cause tlie 
death of the animal by paralysis, if indeed the mere amount 
of food does not produce other serious troubles. In all of 
our experiments up to this time we have confined the amount 
of beets or pulp fed to a minimum, giving only such quan- 
tities as experience in other places has indicated could be fed 
with profit. We think fifty pounds of beet pulp, or one-half 
that amount of beets, would be a maximum to add toa ration 
fed to cows, and in our experiments to show comparative 
values we have fed approximately one-half as much. 

If the main use of beets or pulp is to furnish a tonic or 
to produce a salubrious mechanical effect, rather than to 
supply nutriment, then we would not expect to find a great 
amount of difference in their feeding value when added to 
grain and hay rations in small amounts. These points 
should be borne in mind when comparing the results obtain- 
ed in the following reports of our feeding trials. 

_ The beets fed were grown on the College farm and con- 
tained from twelve to seventeen percent of sugar. The 
pulp was kindly furnished for the purpose of making 
the tests by Mr. A. V. Officer, manager of the Loveland 
Sugar Factory. The pulp was placed in piles on the ground 
outdoors and fed as wanted. 


PLAN OF THE EXPERIMENT. 


_ At first four cows were put on alternate beet and pulp 
rations, records of which were kept for eleven weeks. Later 
a fifth cow, Bessie Geneva 2d, was added and fed from the 
eighth to eleventh. weeks. Having obtained five common 
stock cows before the supply of pulp was exhausted, they 
were fed in the same manner the last three weeks. 

The first week all the cows were given sugar beets; the 
next two weeks the beets were discontinued and pulp fed; 
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the fourth and fifth weeks beets were given instead of: pulp; 
the sixth and seventh weeks pulp was fed; the eighth and 
ninth weeks, beets, and the tenth and eleventh weeks, pulp. 
The cows were all fed the same amount of hay and grain 
daily throughout the experiment. The grain was equal parts 
of corn chop and wheat chop. 

There was a slight variation the first week in the amount 
of grain fed, as the cows were given four pounds of grain per 
day the first two days, at the end of which time it was in- 
creased to eight pounds per day. The first week each cow 
ate 14.3 pounds of alfalfa per day, and for the remaining 
time they ate 20 pounds per day. The sugar beets eaten 
amounted to eight pounds per day during the first week, and 
twelve pounds per day during the subsequent alternate 
periods of two weeks each. They ate 24 pounds of pulp 
daily when given the pulp ration. The rations were as 
follows: 


BEET RATION. 


Corn chop, 4 pounds. 
Wheat chop, 4 pounds. 
Alfalfa hay, 20 pounds. 
Sugar beets, 12 pounds. 


PULP RATION. 


Corn chop, 4 pounds. 
Wheat chop, 4 pounds. 
Alfalfa hay, 20 pounds. 
Beet pulp, 24 pounds. 


It is interesting to note how nearly the above rations 
correspond in digestible nutrients with the theoretical stand- 
ard for a thousand pound dairy cow giving 22 pounds of milk 
daily. 


Dry Carbo- Ether 
Matter. Protein. hydrates. Extract Ratio. 
Spandardiee stan 29 2.50 13.0 0.5 1:5.7 
Our Beet Ration...... ileal 3.05 14.6 0.5 1:5.1 
Our Pulp Ration...... 27.8 2.99 14.2 0.48 1:5.1 


RESULTS OF THE FEEDING TRIALS. 


Tables I to X give the individual records of each of the 
cows which were fed either beets or pulp for two or more 
weeks, and Tables XI and XII give in condensed form the 
records of the five cows which were fed beets one week and 
pulp two weeks. The minus sign before numbers in columns 
headed ‘gain’ means a loss of weight for the time indicated. 
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TABLES: 
DAINTY NOBLE—FED SUGAR BEETS. 
Weight of Cow. Beets Percent 
Week. Milk Butter 
Beginning End Gain Eaten Fat 
lbs. lbs. lbs, lbs. lbs. lbs. 
Ist. 800 820 20 56 118.0 6.46 4.65 
4th and 5th. 820 870 50 168 244.2 13.91 4.87 
| 
8th and 9th. || 890 830 | —60 | 168 244.5 14.59 5.12 
| 
Total. 10 392 606.7 34.96 
Average | : ae 
AW eGkIG. | 2 78.5 121.3 6.99 4.88 
TABEB HT. 
DAINTY NOBLE—FED BEET PULP. 
} 
| Weight of Cow. 
; | gs Pulp Percent 
Week. Milk Butter 
Beginning End Gain HKaten Fat 
| lbs: lbs. Ibs. | los: lbs. Ibs. 
2d and 3d. |} 820 820 0 224 246 13.89 4.85 
— oa ; | | 
6th and 7th. || 870 890 20 336 249.2 13.34 4.72 
r ae 
10th and llth. 830 | 880 50 336 252.5 15.17 5.16 
| | 
| 
Total. | | 70 896 740.7 42.40 
| | 
Average 9 
Wieekly, | 11.7 149.3 123.5 7.06 4.89 
| | | 
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GILDANA—FED SUGAR BEETS. 
Weight Fe 
eight of Cow Beets Péreent 
Week. Milk Butter 
Beginning End Gain Eaten Fat 
|| Ibs. Ibs. Ibs. Ibs. sds ees 
Ist. | 980 931 1 56 ON | eats 4.60 
iI | 
\| | 
4th and 5th. | 960 970 10 168 144.2 | 8.15 4.84 
| 
8th and 9th. 960 | 970 10 168 138.0 | 7.80 4.98 
| | i 
| 
Total. 21 392 336.2 | 19.14 
| I 
| | 
Average | | . ae ne 8 9s Fe 
Weekly. | } 4.2 78.5 67.2 3.83 4.79 
TABLE IV. 
GILDANA—FED BEET PULP. 
| + 
Weight of Cow. | Pais Persons 
Week. 1 | | Milk Butter 
Beginning End Gain. Eaten Fat 
We ahore Ibs. Ibs. | lbs. linc Ss 
2d and 3d. || 931 960 29 224 136.5 | 726: 4.79 
| | 
| | 7 j 
6th and 7th. | 970 960 —10 336 121.7 7.08 4.95 
4 1 =e 
10th and I1th. | 
Ul = —— — ——— 
| | 
Total. | 19 | 560 258.2 14.638 
| 
Average | 4.7 140 64.5 3.66 4.87 
Weekly. | : ‘ ’ 
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TABLE: E 
YOUNG GRANNIB—FED SUGAR BEETS. 
| -- Weight of Cow. hs — 
3 eter Cree Beets | Percent 
Week. | | Milk Butter | 
Beginning) End | Gain Eaten | Fat 
| Ibs. lbs. lbs. lbs. lbs. Ibs. | 
Ist. | 1070 | 1060 | —10 56 es 5.28 | 4.95 
4th and 5th. |, 1090, 1080 | —10 168 | 210.5 | 1252 5.10 
| | | | | 
‘a || | | | | 
8th and 9th. | | | 
| 
— 
Total. \| —20 | 294 302.0 | 17.80 
i | | | 
eevereee er ale 100.7 5.98 5.02 
Weekly. || | | 2 | j | ; e est 
: ABE Vile 
YOUNG GRANNIE—FED BEET PULP. 
Weight of Cow. 
Pulp Percent 
Week. ; | | Milk Butter 
Beginning| End | Gain | HKaten | Fat 
} 
(ibs: lbs. Se ance o le eMioss ol alncs 9 | 
2d and 3d. | 1060 1090 30 224 203297 | 11.68 4.94 
i | ‘ { | ! 
6th. 1080 | 1108 | 28 | 168 104.5 5.98 4.89 
= ——_ 
PA | | | | 
Total. 58 | 392 307.7 | 17.66 
Average | | | | 
Westie @ | | ass8 1 oak 102.6 B.S. |) seat 


ra ae 
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TABLE. Vil: 
MOUNTAIN BEAUTY—FED SUGAR BEBTS 


Weight of Cow. 
a 1 Sang Beets Percent 
Week. Milk Butter 
Borinninel End Gain Eaten Fat 
{ | 
: lbs. lbs. | lbs. | Ibs. Ibs. Ibs. | 
Ist. | | | 
| | 1 = - 
4th and 5th. 970 970 0 | 168 163.0 | 7.07 3.51 
Sth and 9th. 1000 1030 0 168 190.2 (fous | 3.47 
Total. 30 336 858. 14.78 
Average ave | - ¢ . , 
Weekly. 7.5 S4 88.3 3.69 3.49 
TABLE VIII. 


MOUNTAIN BEAUTY—FED BEET PULP. 


f 
Weight of Cow. Pulp Pareent 
Week. Milk Butter 
Beginning End Gain Eaten Fat 
|| lbs. lbs. lbs. Ibs. lbs. lbs. 
2d and 3d. 960 970 | 10 224 | 146.7 6.43 3.72 
| | 
{| ] | | 
6th and 7th. 970 | 1000 30 | 336 | 178.2 7.48 3.57 
{| | | | 
10th and 11th. 1080 990 —40 336 | 192.0 7.65 3.43 
Total. || 00 896 | 516.9 21.51 
| | 
Average 8 86.1 3.58 3.57 
Weekly. | 00 | 149.8 7 
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TABLE IX. 
BESSIBH GENEVA 2d—FED SUGAR BEETS. 
) F : 
Weight of Cow. Boek | Percent 
Week. || l | Milk. | Butter. 
Beginning) End. | Gain, | Haten. | Fat. 
|| ipsa lbs. EDS lbs. | Ibs. | lbs. 
S&thand 9th || 1290 | 1260 —30 | 168 | 519.7 | 28.16 4.59 
PT SSE SS er | l | 
\| | | | | | 
Total. \| | | | | 
Average || 15 84 | pgcee seca eee 
Weekly. || or Se naey,' ; bass 
TABLE X. 
BESSIH GENEVA 2d—FED BEET PULP. 
Weight of Cow. 
e Pulp Percent 
Week. aazs| ) Milk. Butter. 
Leet End. | Gain. Jaten. Fat. 
| | 
; | | ke 
10th and 11th | 1260 | 1220 | —40 336 557.2 | 27.23 3.91 
l 
Tl | Nl . i 
Total. || | | | | 
li | | | | 
Average | | | | | 
Weekly. i —=20". | 168 | 278.6 | 13.61 3.91 
: { | 
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TABLE 2 
FIV COWS ON BEETS.—NINTH WHRK. 


Weight. 
| = Beets Percent 
Cow. Milk. Butter. 
|Beginning| End. | Gain. Eaten. Fat. 
( | 
lbs. lbs. | Ibs. | lbs. Ibs. | OS eel] 
Brindle No.3. 850 860 10 St | 210.7 | 9.78 | 3.96 
I | 
| | 
Black Cow. || 990 1030 | 40 | 84 | 255.5 | 12.86 | 4.38 
} | | | 
| | 
Red Cow. l 880 890 10 84 180.5 8.78 4.11 
, | | 
. Brindle. || 1030 | — 1040 | 10 S4 934.9 12.68 4.19 
| i l 
| Old Spot. || 860 | 87 | 10 84 170.7 8.10 4.01 
j | | I { 
|| | | 
f Total. | | 80 420 1051.6 52.20 
, | | | 
; Average | | | | | 
4 Weekly | 16 84 210.3 10.44 j 4.12 
4 Per Cow. || | | | 
. 
’ TABLE XII. 
. FIVE COWS ON PULP.—TENTH AND ELEVENTH WEEKS. 
r 
=e a - 
a Weight. Pulp Percent 
Cow. | Milk, Butter. 
Beginning End. | Gain. Eaten. Fat: 
lbs. | lbs. lbs. | lbs. lbs. lbs. | 
Brindle No.3. 860 800 —60 | 336 465.5 20.00 3.70 
SF : —- 
Black Cow. || 1080 | 990 | —40 336 529.0 98.83 3.75 
Red Cow. | 800 386 376.5 19.18 4.18 
Brindle. 1040 985 —105 336 470.7 24.04 4.24 
Old Spot. 870 820 —50 336 396.0 18.388 3.96 
| 
Hl | | 
Total. | | —255 1680 | 2237.7 104.88 
Average | » , 3 ‘ 
Weekly —32 168 228.8 10.48 3.96 
Per Cow. 
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DAINTY NOBLE.-TABLES I AND II. 


Dainty Noble is a registered Jersey heifer. At the time 
of this experiment she was in her first period of lactation, 
her calf having been dropped January 1, 1902, at which time 
Dainty Noble was twenty-one months old. Her calf was 
taken away immediately after birth. Dainty Noble was fed 
liberally with a ration of wheat and corn chop and alfalfa 
hay. Sugar beets also formed a part of the ration most of 
the time until the experiment began, so the beets were not 
altogether a new food for her, and there would be no un- 
desirable results from change of food ration. 


GILDANA.—TABLES III AND IV. 


Gildana is an old decrepit Jersey having passed the use- 
ful vears of her life and is being kept as a nurse cow for un- 
fortunate calves from our beef herds. Gildana’s last calf 
was dropped in August, 1901, from which time she had been 
milked as her motherly services had not been required else- 
where. She too had been fed sugar beets along with a grain 
and alfalfa ration. The largest milk record which Gildana 
Juaves is from January 1, 1897, to January 1, 1898, during 
which time she produced 7,809 pounds of milk. The per 
cent of butter fat is not recorded. 


YOUNG GRANNIE.—TABLES V AND VI. 


Young Grannie had dropped her sixth calf in August, 
tgo1, being herself eleven years old the previous May. In 
her prime she had been a good milker and a large profit 
cow. Young Grannie is also a registered Jersey. The ra- 
tion of sugar beets, wheat and corn chop and alfalfa hay had 
also been fed to Young Grannie. 


MOUNTAIN BEAUTY.—TABLES VII AND VIII. 


Mountain Beauty is a pure-bred Shorthorn heifer out of 
Bessie Geneva 2d. Asa calf Mountain Beauty was of re- 
markable proportions. ‘She is as handsome a calfas I ever 
saw’ were the words of the President of the National Live 
Stock Association. Mountain Beauty dropped her first calf 
when she wasstill very young. It wasthought advisable to take 
the calf away from her, and in despite of the high condition 
in which she had been kept for the fairs, to see 1f she would 
still show the tendency of her dam in the dairy line. 

Mountain Beauty had not been accustomed to sugar 
beets before the experiment as had the preceeding cows. — 
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BESSIE GENEVA 2d.—TABLES IX AND xX. 

Bessie Geneva 2d dropped her fourth calf April 9, 1902, 
when she was five years and eight months of age. As soon 
as her milk was good to use she was put on the experiment, 
which was in time to give her two weeks each on beets and 
pulp. This was the second year that she had been milked. 
Previous to that time her calves had been allowed to take 
the milk. 

Sugar beets had been a part of the ration fed to Bessie 
Geneva 2d during the winter months of 1901-02. 

FIVE COWS IN TABLES XI AND XII. 


The five cows reported in these tables were scrub cows 
purchased to furnish milk to the College dairy. They had 
calved from two weeks to two months previous to the time 
they were brought to the College farm. None of them had 
been given grain or had received anything but pasture grass. 
When we obtained possession of them they were weighed up 
and put upen the experiment at once and given the same 
ration of grain, alfalfa, sugar beets and pulp as were the 
other cows. ‘These cows are not considered in the results 
because they were not on the experiment long enough to 
give an intelligent idea of the effect of the beets and ‘pulp. 

It will be noticed in Table XII that four cows made a 
total loss, during the two weeks that they were fed pulp, of 
255 pounds. This is probably explained by the fact that a 
little more than one week before this time, these cows came 
directly off of pasture and were put on a grain ration. It 
would be natural then for them to fill up for some time and 
apparently gain flesh during the first week on sugar beets, and 
then apparently lose weight rapidly during the two following 
weeks. For this reason the results of these cows are not 
used in computing the comparative cost and profits. 

The results for the first five cows which were on feed long 
enough to make the comparison of sugar beets and pulp of 
some value, show that the two foods gave almost identical 
returns. The pulp ration gave slightly better returns when 
fed to Dainty Noble and Young Grannie. Bessie Geneva 2d 
gave more milk but not quite so much butter per week when 
on pulp, and also lost most flesh. The beets apparently gave 
better returns with Gildana and Mountain Beauty. The 
per cent fat in the milk variesso much that it is difficult to 
draw definite conclusions in regard to which ration produced 
the richest milk. Our averages show a little more milk from 
the pulp ration and a little higher fat content in milk from 
the beet ration. 
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Table XIII gives the cost of beets eaten, pulp eaten and 
total cost of all the food for cach week, and the values of gain 
and products with the corresponding profit weekly for each of 
the five cows which were fed the longest. The cost of the 
beets eaten is computed from a value of $4.00 per ton on the 
farm, beet pulp $1.00 per ton, alfalfa $4.00 per ton, wheat 
chop $1.00 per hundred pounds, and corn chop $1.30 per 
hundred. The gain or loss in weight of the cows is valued 
at five cents per pound, and the butter made at 20 cents per 
pound to give the proft from butter. The amount of butter 
yield is computed from the amount of fat by increasing the 
total fat by 16.6 per cent. The profit from the milk produc- 
tion is also given and was computed in the same way, valu- 
ing the milk at one cent per pound. 

Dainty Noble,on beets, gave a profit of 43 cents per week 
from the butter, or 24 cents per week from the milk yield. 
On pulp she gave a profit of 99 cents per week on butter, or 
Si cents on milk. 

Gildana, when fed beets, gave a loss of 9 cents from but- 
ter yield, or of ag cents from milk yield. On pulp she gave 
a loss of 3 cents per week from the butter yield, or 12 cents 
per week from the milk yield. 

Young Grannie, when fed beets, gave a loss of 19 cents 
per week from butter yield, or 38 cents per week from milk 
yield. On pulp she gave a profit of $1.15 per week from 
butter yield, which is the hignest profit from any of the cows. 
Her profit is 99 cents per week from milk yield. 

Mountain Beauty, when fed beets, gave a profit of 2 cents 
per week from butter yield, or 16 cents per week from yield 
of milk. When fed on pulp she gave a loss of 28 cents per 
week on butter yield, and 14 cents per week from yield of 
milk. 

Bessie Geneva 2d, when fed on beets, gave a profit of 98 
cents per week from butter yield, or 76 cents from her milk 
yield. On pulpshe gave a profit of 71 cents in butter or 78 
cents in milk. . 

The difference between the profit and losses made by all 
the cows while fed beets shows a total profit of 81 cents, against 
a total profit on pulp of $2.54. Accrediting all of the profit 
to the total pulp fed gives the pulp a value of $2.61 per ton, 
and in like manner attributing the profit made by cows on 
beet ration to the amount of beets which they consumed 
gives the beets a feeding value of $5.06 per ton, 
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SUMMARY. 


Five cows fed 24 pounds of beet pulp for six weeks, in 
addition to grain and hay, made an average gain per week 
of 6.2 pounds. the same cows fed 12 pounds of beets per 
day for five weeks made an average gain per week of one- 
fifth pound. 

Five cows on the pulp ration gave an average weekly 
milk yield of 131.1 pounds, and on the beet ration they gave 
an average weekly milk yield of 127.4 pounds. 

Five cows on the pulp ration gave an average weekly 
butter yield of 6.76 pounds, and on the beet ration an aver- 
age weekly butter yield of 6.90 pounds. The milk contained 
a little more butter fat when the cows were fed sugar beets. 

A little more than three times as much profit resulted 
from feeding 24 pounds of pulp per day than was realized 
from 12 pounds of beets per day, at one dollar and four dol- 
lars per ton respectively. 

The total protits indicated a feeding value of the pulp 
for butter production of $2.61 per ton, and of the beets of 
$5.06 per ton when fed in small amounts, and when butter is 
worth 20 cents per pound. 
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SWINE FEEDING IN COLORADO. 


(a) Breer Pup aNnD SuGar BEETS For Fartrenine Hoes. 
(6) Home-Grown Grats vs. Corn For Farrenine Hoos. 
(c) OTHER TRIALS WITH Corn, BaRLey, ALFALFA AND BEETS. 


BY B. C. BUFFUM AND C. J. GRIFFITH.* 


The general conclusions which may be drawn from the 
experimental investigations reported in this bulletin will be 
found in condensed form on the last pages, and we suggest 
that the busy man who is willing to accept our testimony 
may profitably omit the reading of all intermediate material, 
except the pictures. 

The last enumeration of hogs in Colorado (1901) credit- 
ed the state with 101,198 head. There are, according to 
the census, 2,273,968 acres of land irrigated, and the farms 
and ranches number 24,700. 

The scarcity of swine in the state is due largely to the 
system of farming in vogue which allows a great majority 
of the stock raised on ranches to run at large on the range 
in the mountains or on the plains a large part of the year, 
keeping them on the ranch only during the cold months. 
This system reduces the expense of raising stock to a mini- 
mum. Every animal that can be spared from the ranch is 
thus grazed on lands that cannot be farmed and con- 
sequently have a small value. Outside of the dairies there 
are not a great many cows milked. The total number of 
cows in the state is about 20,157, according to the 1900 cen- 
sus report. The milk cows and the work horses constitute 
the ranch live stock during the greater part of the year. 
Then, too, there are not a great number of cattle fattened 
in the state and so there is not the demand for hogs to fol- 
low the cattle in the feed lots. 

A third reason is the lack of information among our 
farmers of the feeding value of our home-grown grains for 
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fattening hogs. Corn is not grown to any extent in Colo- 
rado, except for fodder, and it is entirely reasonable thateit 
will never be grown extensively because of existing climatic 
conditions. There is an occasional farmer that raises some 
corn each year, but they are mostly in favored localities 
where the nights are warmer than our average condition. 
It will follow then that our steers will continue to be ship- 
ped to the corn belt states to be fattened, and the demand 
for hogs to follow cattle in the feed lots will be small. 

Will it then pay to raise and fatten hogs for market in 
Colorado? If it will pay, will it pay better than some oc- 
cupation to which our farmers have access at present? Let 
us look first at the products of the farming or ranching com- 
munities. In the Cache la Poudre, Big Thompson, St. 
Vrain and South Platte Valleys, which constitute the irri- 
gated section of northeastern Colorado, alfalfa is the princi- 
pal product grown. Wheat comes next, with oats and po- 
tatoes following in succession. The raising of sugar beets 
is assuming remarkable proportions and may eclipse some 
of the former products in acreage and importance. The 
cultivating and harvesting of these crops occupy the sum- 
mer months. Lamb feeding is the principal winter occupa- 
tion and assumes larger and larger proportions each year, 
as it affords profitable disposition for the immense quantities 
of alfalfa raised, and earns a large percent for the skill of 
the feeder and the capital invested. Cattle raising is the 
chief agricultural industry of the whole state, and together 
with the raising of horses and sheep, doubtless must ever be 
foremost, because of the many million acres of semi-arid 
plains that grow nutritious native grasses, and which do not 
produce a paying crop under cultivation. Then there is the 
vast mountain region that supports onits precipitious slopes 
sleek cattle, horses and sheep. Together these two ranges 
maintain, according to the last statistics, 1,333,202 cattle; 
236,546 horses, and 2,044,814 sheep. As stated before, this 
stock is kept on the ranches only about two months each 
year, and it is only those that have the best of care that re- 
main that long where there is shelter and hay. So this 
class of stock would not interfere with hog raising in the 
least, and hog raising and lamb feeding would be mutually 
beneficial. The time spent in caring for a bunch of hogs 
would not interfere with the farming operations any more 
than it does in other places. 

_ The one consideration then should be whether capital 
invested in hogs would yield as good returns as in- 
vested elsewhere on the farm. This may be judged, in part 
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at least, by the results of these experiments. We must de- 
cide whether we have forage crops and grains to properly 
raise and fatten hogs, or whether it would be advisable to 
ship in such foods. 

Unlike lambs, hogs will not consume a large amount of 
rough forage and make as profitable a gain therefrom, but 
they must be fed a more concentrated or less bulky ration. 
The stomach of the sheep holds only 30 to 34 quarts, while 
the stomach of the hog holds from 7 to 9 quarts. Under 
our conditions profitable lamb feeding and profitable hog 
feeding must be different questions carried out along differ- 
ent lines. Lambs naturally fit into our system of farming 
to use up the surplus alfalfa hay. Unless we can feed home 
grown products to hogs with profit they will not fit into our 
conditions in the same way, though our pasture conditions 
for them are ideal. 


ALFALFA FOR PASTURE. 


It is essential in raising hogs to have some pasture grass 
for them. Especially is this true of the brood sows and the 
young pigs which need not only the green feed but the ex- 
ercise and sunshine out of doors. Alfalfa fulfills this re- 
quirement admirably, as it makes a forage which is perfect- 
ly safe for hogs to pasture, is nutritious, palatable, grows 
early in the spring and late in the fall. Alfalfa produces more 
green forage per acre thanany other forage used for hog pas- 
ture in the central west. Colorado is credited with 799,611 
acres of this crop. It is essential to every ranch where mix- 
ed farming is carried on. Alfalfa is grown to such an ex- 
tent in the state that any farmer or stockman could spare a 
few acres for hog pasture. The value of an acre of alfalfa 
throughout the season for laying on pork has not been re- 
ported from any station, but long experience has taught 
practical hog raisers that a little corn or a small amount of 
other grain, together with good alfalfa pasture, will give 
excellent returns. Alfalfa alone seems to supply little more 
than a maintenance ration, but as such is very valuable. 


BEET PULP. 


With the growth of the sugar beet industry and the 
building of factories for the manufacture of beet sugar, 
within the state, an important by-product, beet pulp, has 
been added to the list of foods available to stock feeders. 
Pulp is made by cutting sugar beets up into shreds about one- 
half the size of an ordinary lead pencil in order to extract the 
sweet juices from them by allowing the mass of shredded 
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beet to soak in a constantly moving bath of hot water until 
the sugar is dissolved out. Thus the pulp comes in contact 
with no chemicals whatever to impair its healthfulness as a 
food product. Any unhealthful property that the pulp 
might have must therefore be laid to outside contamination 
or other causes, and not to any process in the manufacture 
of sugar from the beets. After coming out of the hot water 
bath, the pulp is run into an immense vat or storage silo for 
future disposition. 

The purchase price of pulp in this state is 35 to 50 cents 
per ton at the factory and a lower price than this is often 
made to farmers who furnish beets. 

Beets produce approximately fifty percent of their 
weight of pulp, and in some places an amountof pulp is 
given back corresponding to the amount of beets furnished. 
Extravagant prices have been paid for pulp in some in- 
stances. A note published in one of the eastern farm 
papers quoted a price per ton obtained for pulp one dollar 
in excess of the price paid originally for the beets. Where 
the pulp has to be shipped from the factory for a short dis- 
tance an additional sum, say fifty cents per ton, would have 
to be added to the price to pay freight. Then there is the 
hauling of it from the car, which makes another item of ex- 
pense of say 25 cents per ton if the distance is two miles or 
less. This makes the total expense 75 cents per ton plus 
the price of the pulp at the factory. This would make the 
total cost, within a reasonable distance of the factory, $1.25 
per ton for wet pulp. The loss of water will cause continual 
shrinkage... The amount of shrinkage cannot be estimated, 
but will depend largely upon whether the pulp has been 
pressed at the factory, or whether it is obtained from the 
discharge pipe or taken from the silo where it has drained 
for a greater or less length of time. 

The palatability of pulp, when properly handled, is un- 
questioned. Our experience at this Station is that horses, 
cattle and sheep, and especially such of these as are used to 
roots, relish pulp and will eat it greedily. Our pure bred 
sheep that are kept on the College farm broke through 
the fence repeatedly to get at a pile of pulp. The horses 
also were especially fond of it, and while the cattle did not 
appear so greedy they ate it heartily. A little difficulty was 
encountered in getting some Mexican lambs, with which we 
were experimenting, to eat the pulp, but in a few weeks 
time they were consuming a considerable quantity of it. 
The hogs used in this experiment acted much the same way, 
not caring for the pulp and almost absolutely refusing to 


ey ee a ee 


EEE aS 


SWINE FEEDING IN COLORADO. 7 


eat it for some time. The grain fed was mixed with the 
pulp and in a few days they were eating the mixed pulp and 
grain greedily. 

The low per cent of nutrients in pulp does not give it a 
very good recommendation as a food. The composition of 
Colorado pulp as determined by Dr. Headden, compared 
with alfalfa, runs thus: 


Dry Matter in 100 lbs. Digestible Nutrients in 100 Ibs. 
Carbo- Ether 
Protein. hydrates. Extract. 
Beet Pulp casks 10.0 0.38 7.36 02 
Y:\ S110 2 a eee 91.6 11.00 39.60 1.20 


Dr. Headden states that his analyses were made of 
grated pulp which probably contained a minimum amount 
of nutrients. The California Experiment Station gives a 
somewhat higher composition than the foregoing. Analysis 
quoted from Herbert Myrick’s book on ‘The American 
Sugar Industry,” p. 108. 

Digestible Digestible Digestible 


Dry Matter. Protein. Carbohydrates. Ether Ext. 
Beot Pulp 2.22. 10.0 1.3 6.7 0.4 


Taking our own analysis showing the smallest amount 
of foods in one ton of beet pulp there are 200 pounds of dry 
matter, of which 7.6 pounds are digestible protein; 147.2 
pounds digestible carbohydrates, and 4 pounds digestible 
ether extract. In alfalfa there are 1832 pounds of dry mat- 
ter in one ton, of which 220 pounds of protein are digestible 
and 792 pounds of carbohydrates are digestible, and there 
are 24 pounds of digestible ether extract. As alfalfa is 
worth about four times as much as pulp costs laid down on 
the farm, we readily see that in the matter of composition 
the pulp makes a poor showing. This is illustrated in the 
following table of comparative values: 


Dry Matter Digestible Nutrients in 2000 lbs. 


in 2000 lbs. Carbo- Hther 

Protein. hydrates. Extract. 
One ton Pulp worth $1.00.......... 200 fle 147.2 0.4 
500 Ibs. Alfalfa worth $1.00......458 55.0 198.0 6.0 


However the feeding value of pulp may not be definite- 
ly determined by the percentage composition because the 
pulp is not used as a basis food but as a condiment. or suc- 
culent sauce to increase the appetite and aid digestion, and 
in that respect it may have a value which would make it 
profitable to feed under certain conditions. If two or even 
four pounds of pulp per head each day would help the dt- 
gestion of the other foods fed, or if in a preliminary feeding 
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period pulp could be used ina ration to put animals in a 
condition to fatten readily. then it might have a value even 
in excess of the $1.00 or $1.25 per ton. It has been clearly 
demonstrated that for fattening hogs the corn cob hasa value 
when ground up with corn, because it lightens the meal in 
the stomach and thus makes it more digestible. It is not 
beyond the range of possibility that pulp may serve this 
same purpose in a region where ear corn is uncommon, and 
at the same time furnish some nutrients in the ration. 


KEEPING QUALITY OF PULP. 


There are various methods for the preservation of 
pulp. Insome parts of Utah where rock salt is plentiful, large 
pits are dug in the ground and quantities of salt are thrown 
into the pulp when it is being put into this pit, which, it is 
claimed, makes a splendid silo. When the pulp is exposed 
to the weather the top layer dries out and the pulp further 
down forms a thick pasty layer five or six inches deep. 
This layer excludes the air and keeps the pulp fresh and 
sweet. During this experiment we had pulp in piles on the 
ground from the first of January until late in June. It was 
preserved in an unfermented, or only slightly fermented, 
condition until the early part of June, when warm weather 
came on. When it is desirable to keep pulp no longer in 
the season than this, it is just as well to pile it on the 
ground. If it is to be kept through the summer, most any 
form of silo is efficent, and in deep piles it has been known 
to keep two or three years. 


SUGAR BEETS. 


A conservative estimate of the sugar beets grown in the 
state this year (1902) for the factories would be 35,ooo acres. 
This will yield approximately 350,000 tons of sugar beets 
which, if made into sugar, will give more than 150,000 tons 
of pulp. Besides this there is a large acreage being grown 
for feed. Numerous requests have been received by this 
department asking for information of the feeding value of 
sugar beets for all kinds of live stock. Reports have come 
in of feeders paying more for sugar beets than is paid by 
the factories. Large quantities have been fed the last two 
years with evidently good results, and in many places feed- 
ers have made special arrangements for sugar beets for: 
their stock the coming season. 

here is no question about the feeding value of these 
beets for stock-cattle, sheep and hogs, to maintain health, 
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thrift and breeding qualities; but their value when used as 
the basis of a fattening ration is not so well determined. 
As this is the way they are being used in this state, several 
experiments with beets were planned to determine whether 
or not they can be made a part of a fattening ration with 
profit. Many farmers have reported feeding them alone to 
hogs with good results, but the chemical composition of 
sugar beets is prima facia evidence that hogs cannot make 
good and profitable gains when fed on beets alone, because 
there is not sustenance enough in the amount of them a 
hog can eat and digest, to do much more than maintain the 
animal at a constant weight. According to feeding stand- 
ards, a hog weighing 200 pounds to make the best gain, 
needs digestible nutrients as shown in the following table: 


Digestible Digestible Digestible 
Dry Matter. Protein. Carbohydrates. Ether Ext. 
Standard for 2001lb. hog 6,4]1bs. 0.8 lbs. 4.8 lbs. Onilbse 
CHEMICAL COMPOSITION OF SUGAR BEETS.—-POUNDS IN 100; 
Dry Digestible Digestible Digestible 
Matter. Protein. Carbohydrates. Ether Extract. 
20.0 1.135 16.007 0.051. 


In 25 pounds of sugar beets there would be digestible 
nutrients as follows: 


Dry Digestible Digestible Digestible 

Matter. Protein. Carbohydrates. Ether Extract. 
Sugar Beets oa ay 1) 2 
seer | Malan 0.284. 4.002 0.013 


Twelve and a half pounds was all we could get a hun- 
dred-pound hog to eat in one day during the experiment. 
By comparison it will be seen how far short of the standard 
25 pounds of beets would be for a two hundred-pound hog, 
were it possible to get him to eat that amount. However, 
if beets could be made to take the place of some grain in 
the fattening ration supplying them might be of advantage. 


HOME GROWN GRAIN VS. CORN, 


By home grown grains is meant wheat, barley, oats, 
and such other small grains as are grown in Colorado. It 
would be hard to give an intelligent estimate of the amount 
of corn that is annually shipped into the state for feeding 
purposes. Feeders have frequently resorted to home grown 
grains during periods of high prices of corn. It is a com- 
mon custom to trade wheat and barley off for corn. Even 
this last winter when wheat was $1.00 per hundred pounds, 
and at one time as low as 90 cents per hundred, feeders 
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hauled in wheat and took home corn at $1.30 per hundred. 
Barley was selling at about the same figure as wheat. The 
acreage of wheat as given in the government reports for 
1900, was estimated at 318,899 acres; barley, 12,672 acres, 
oats, 99,768 acres; rye, 2,350 acres. The combined yield of 
these four grains for that year approximated 11,000,000 
bushels. 

It is a well known fact that under irrigation the small 
grains produce plumper, larger kernels giving greater 
weight per bushel, and that the chemical composition dif- 
fers widely from that of grains grown under rainfall condi- 
tions. Repeated feeding experiments in other states have 
shown wheat to be fully equal to corn for fattening hogs, 
and barley to be worth about 8 percent less than wheat or 
corn Prof. W. W. Cooke, formerly of. this Station, made 
an extensive and exhaustive experiment comparing barley 
and corn, both whole and ground, for fattening hogs, with 
the following results: ; 


| 
| No. Ay. Weight| Average | Average Daily | Food per lb. 
at Daily 
Tests. Beginning.| Gain. Feed. of Growth. 
Grain | Skim | Grain |} Skim 
lbs. lbs. Milk Milk 
lbs. qts. lbs, qts. 
] 
Whole: Conn orice accents 6 71 0.39 2.0 0.7 7.0 ileal 
GroundiCormiy.. cmos 5 60 0.46 2.4 0) Did heel 
Whole Bald Barley............ 8 88 0.58 ae8 Veh ae) 23 
Ground Bald Barley ......... 5 67 0.74 2.4 0.8 3.6 0.8 
Whole Common Barley....... 4 68 0.49 2.3 0.5 5.4 ORT: 
Ground Common Barley...... 4 47 0.70 2.4 1.1 4.3 at 
|| 
Ground Corn and Barley ..... 4 50 0.77 2.1 1.0 4,1 0.8 


This experiment shows the superiority of irrigation 
grown barley over rainfall corn and thus over rainfall grown 
barley. 

The average price of corn in Colorado for the past ten 
years has been 80.5 cents per hundred pounds; wheat 99.5 
cents; barley 55.1 cents. An average for wheat and barley 
of 77.3 cents. or 3.2 cents per hundred less than corn. If 
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then, our home grown grains are worth less money right on 
our farms than corn in town, and in turn either of them 
singly will produce more pork per pound than will corn, and 
when fed mixed are far superior to corn, have we not the 
solution of the problem of supplying concentrates which will 
profitably fatten hogs? (In this connection special atten- 
tion is called to Summary of Lot IV.in the 1902 Experi- 
ment, page 22). Together with the alfalfa for forage and 
the sugar beets and their by-products for roughage, Colo- 
rado should become a factor in the production of pork. 


OBJECT OF EXPERIMENT IN 1902. 


To test the value of pulp and sugar beets when fed 
with grain; the value of sugar beets alone; and these three 
compared with corn, wheat and barley, was the purpose of 
this experiment. It is really a comparison of home grown 
foods vs. corn and is a continuance of experiments previ- 
ously carried out with both swine and sheep. It is also 
important at this time to be able to give something definite 
about the value of sugar beets and pulp for all classes of 
stock. There will be in excess of 150,000 tons of beet pulp 
available for feeding this fall and winter. To be able to 
utilize this for wintering or fattening stock would add vastly 
to the live stock industry. So large a subject is this feeding | 
of pulp that this bulletin does not attempt to treat more 
than partially the utility of pulp for fattening swine. 


PLAN OF EXPERIMENT. 


Twenty shoats were divided into five lots of four each. 
Care was taken in selecting the individuals for each lot, that 
each pen should be as representative as possible for the 
entire number. Each lot had the same sized pen in the 
piggery and each had access to the small yards adjoining. 

Pigs in Pen I. were fed sugar beets alone. 

Pigs in Pen I1. were fed beet pulp and ground wheat and barley. 

Pigs in Pen III. had shelled corn. 

Pigs in Pen IV. were given ground wheat and barley. 

Pigs in Pen V. were given sugar beets, ground wheat and barley. 


For the pigs in Pen I. the sugar beets were chopped 


into small pieces and the pigs were given all that they would 
eat of thern. Fresh, clean water was supplied twice daily at 


feeding time. Besides this, the shoats had access to noth- 


ing but the straw used for bedding, except an occasional 
small quantity of ashes or coal which was supplied to all 
pens alike. These pigs were fed to see just what hogs 
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would do on sugar beets. alone, because some of our farm- 
ers had been doing this and we wished accurate data for a 
check. 

The hogs in Pen II. were fed a large quantity of pulp, 
especially during the first part of the experiment. It was 
necessary to mix the grain with the pulp to get the pigs to 
eat the pulp. 

The hogs in Pen III. were fed shelled corn alone, hav- 
ing access to nothing else but the straw used for bedding, 
besides plenty of water and some coal and ashes. It might 
have been better to have fed the corn ground, especially as 
the pigs were young and growing rapidly, and again because 
ground wheat and barley were fed. 

The hogs in Pen IV. were fed equal parts of ground 
wheat and barley, for comparison with Pen III. 

The pigs in Pen V. were fed in all respects like those in 
Pen II., except that sugar beets were substituted for the 
pulp. In the results from these two pens, we have a com- 
parison of the value of pulp and the value of sugar beets 
when fed with grain. Pens II. and V.also may be compared 
with Pen IV., thus giving the advantage, if any, of feeding 
pulp or sugar beets with grain for fattening hogs. 

_ The feed given was carefully weighed and any remain- 
ing uneaten until the time of the next feeding was weighed 
back. The hogs were ear-tagged and weighed separately 
once a week, thus giving the individual differences of those 
inthe same pen. Additional notes were kept as to the 
general condition of the individual hogs in each lot so that, 
at the end of the experiment, it would be known whether or 
not the best results possible had been attained under the 
conditions. We have been assisted in these experiments 
by Mr. Fred Bishopp and Mr. W. B. Smith, senior agricul- 
tural students, who carried out the feeding as planned and 
aided in*keeping the records. 

| KIND OF HOGS FED. 

The hogs used in this experiment were obtained from 
the slaughter house yards of wholesale butchers within the 
city. From appearances the hogs were grade Poland Chinas 
and Berkshires. From the information that could be 
gleaned from those in charge, the pigs had been bought 
from different farmers in the vicinity and had been at the 
yards only a short time before we obtained possession of 
them. They were only common scrub shoats and did not 
show that any special care had been taken of them. They 
were probably late spring pigs and approximately eight 
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months of age. Their average weight was close to 100 
pounds at the time they were put onthe experiment. It 
was necessary to pay 6 cents a pound which was too high a 
price for pigs of their weight and breeding. 


PULP FED. 


The pulp fed was obtained from the Loveland factory 
of the Great Western Beet Sugar company, whose manager, 
Mr. A. V. Officer, courteously supplied us a carload for ex- 
perimental use. Laid down at the College farm it cost us 
approximately $1.00 per ton. This pulp was piled out on 
the ground about January 1, 1902, and was used as it was 
needed for feeding. The ground on which it was piled had 
good drainage and the moisture from the pulp drained 
away as it seeped out, Thus, in a few days time, the pulp 
was in nice condition, comparatively dry, and was preserved 
in an unfermented condition much better than some other 
piles of pulp which we had placed where the moisture did 
not drain away. 


BEETS FED. 


The sugar beets used in this experiment were grown 
upon the College farm, put in a root cellar after digging, 
and taken out as there was need of them. During the lat- 
ter days of the experiment, the supply of sugar beets was 
exhausted anda stock beet was substituted in their stead. 
They were fed stock beets only about two weeks, the time 
being so short the final result was probably not changed by 
the substitution. The beets fed were figured at $4 per ton. 
This would be equal to from $4.50 to $5 per ton for beets de- 
livered at the factory; first because of the expense of haul- 
ing or shipping them to the factory, and second the work 
and expense of trimming the beets, which would amount to 
at least 50c per ton. 

GRAIN FED. 


The wheat and barley fed were also grown upon the 
College farm. The wheat was of the common Defiance 
variety and was grown in a field producing 34 bushels per 
acre. The barley fed was of the common hulled variety 
and was grown in a field which produced 25 bushels per acre. 
Together they were rated at $1 per hundred pounds, which 
we think is not too low an estimate to put upon these grains, 
as there was considerable time during the late tall when 
either wheat or barley could have been purchased below 
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EXPERIMENT OF 1902. 


SUGAR BEET PRODUCTS, AND HOME GROWN GRAINS. 


On February 19th, twenty hogs were weighed and put 
upon the experiment. Previous to this time they had been 
kept together on the same ration for one week. In their 
drinking water they had been given a weak solution of sul- 
phuric acid to free them from intestinal worms. They had 
also been sprayed for lice with 3 percent solution of Zeno- 
leum. The pigs at this time were in a healthy, growing 
condition, and as will be seen in the summary, they aver- 
aged approximately 100 pounds each. 

Those in Pen I. did not take very readidly to the sugar 
beets and it was evident that they had never been used to a 
ration with roots in it, but they very soon began to eat the 
beets heartily. 

Those in Pen IJ. would not touch the pulp fed them for 
several days. From February roth to 22d inclusive, the 
four pigs in this lot were given only 40 pounds of pulp, and 
eight pounds of this were weighed back as orts which they 
did not eat. 

The pigs in Pens III. and IV. took hold of the food 
given them readily, as also did those in Pen V., fed with the 
wheat and barley in additionto the beets. They ate the 
sugar beets, but apparently did not relish them at first. 

Table I. which follows, gives the amount of food fed in 
periods of one week each for each pen, also the total 
amount of food eaten by the pigs in each pen. On May 
30th, the hogsin Pens I., II., and two from Pen III., were 
slaughtered. Those remaining were slaughtered on June 6th. 

Table I. is of interest as it shows the consumption of 
food week by week. The pigs were given approximately 
all they would eat. The pigs in Pen I. ate an increasing 
amount of sugar beets up to May 3d, within four weeks of 
the end of the experiment. They seemingly had eaten so 
many beets during the week ending May 3d that they be- 
came tired of them and would not again consume as large 
amounts. 

The pulp fed to the pigs in Pen JI. was increased until 
March 22d, and then decreased because the grain was in- 
creased for finishing the pigs and it was thought advisable 
to cut down the large amount of succulent food. 
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TABLE I. 


FOOD EATEN. 


T5 
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The pigs in Pen III. on corn, and those in Pen IV. on 
wheat and barley, practically consumed increasing amounts 
of food up to the end of the experiment and the respective 
lots practically consumed the same amounts of grain each 
week for the last nine full weeks. The last four weeks the 
amount of sugar beets given to those in Pen V. was re- 
duced, but the grain was increased as they would consume 
1t. 

Table Il. page 17 gives the individual weights each 
week for all the pigs. The last column gives the total gain 
of each pig during the experiment and the first column the 
ear-tag number. Food given each lot fis given in 
Table I. The last weight of each pig, taken May 30th or 
June 6th, was made after they had been off feed for 24 
hours before slaughter, and represents the gain during the 
last week, less the shrinkage. Pig No. 80,in Pen II, was found 
to be in pig soon after the feeding began and was left with 
the lot to see what the final effect would be. She dropped 
a litter of three pigs March 29th and killed all.of them. 
She was left on feed and made a larger total gain than any 
other pig in that pen. 3 

Table Il]. gives the total weekly gains made by the four 
pigs in each pen and the last column gives the total gain of 
each lot for the whole period, less the 24 hours shrinkage 
before slaughter. The minus sign before a number indi- 
cates a loss of weight. There is much variation in the gains 
made week by week, the differences being especially notice- 
able in Pen I., fed on sugar beets, and in Pen II., given pulp 
and grain. The gains did not vary so much with the grain 
rations. 

TABLE III. 
EXPERIMENT NO. I.—SWINE FEEDING. POUNDS GAIN PER WEEK. 
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PLAS Hol: 


Representative Carcasses from Lots III, IV and V. 
No. 84, Fed Corn. 
No. 75, Fed Wheat, Barley and Sugar Beets. 
No. 73, Fed Wheat and Barley. 


PEAT weit, 


Representative Carcasses from Lots III, IV and V. 
No. 84, Fed Corn. 
No. 75, Fed Wheat, Barley and Sugar Beets. 
No. 73, Fed Wheat and Barley. 
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FOOD EATEN DAILY. 


The average amounts of food eaten per day through- 
out the experiment for each hog in each pen were as follows: 


TABLE IV. 


FOOD CONSUMED DURING EXPERIMENT. 


Average Weight and 


No. of | Days Average Food per Hog. Gain per Hog. 
Wheat | ¢ ane) 
Hogs. Fed. Corn and Pugar Pulp. See End. | Gain. 
Barley.| Beets ping. 
lbs. ibs. Ibs. lbs. |} Ibs. lbs. lbs. 
Penile aesoee a sere: 4 99 1026.75 100.25 | 117.00 16.75 
| 
1 
Pon hls specs eae 4 99 343.00 706 .00 96.75 | 184.75 88.00 
Ponylls, Sau.ccuchee 4 10OL 1 383.00 95.00 | 166.25 71.25 
Rereliviere 4 104 546.50 | || 94.50 | 214.75 | 120.25 
Pontes chasis deen 4 104 416.00 | 391.25 100.75 | 198.75 |; 98.00 


DISCUSSION OF RESULTS. — 


In Table IV. is given the amount of food consumed, 
stated in averages for each animal in the different lots, and 
the average weight and gain of che four pigs in each pen at 
the beginning and end of the experiment. 


TABLE V. 


FOOD EATEN DAILY: 


Average Food Per Day. Gain 

bone, | pitt, | Pate | Com. || Sor-Dey 
em seetanseriisiemteiscccisls aratlenetsroters ; ‘ 0 37 | a5 et . Oi 
- i bine MER aneR MO MME he Se 3.46 | 7.10 | 0.89 
Pens cman carte ce ea scrmenmieae 3.80 0.70 
PonplViwrirtnsreie aie (crt teen rae 5.25 1.16 
Ban Vos aceon 0.94 


Table V. gives the average food per head eaten daily. 
The pigsin Pen [. ate 1,026.75 pounds of sugar beets, or 10.37 
pounds per day, on which they made average total gains of 


Ye Oe ee ee ree 
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16.75 pounds. The pigs in pen V. ate 391.25 pounds of 
sugar beets, or 3.76 pounds per day, and 416 pounds of 
grain, or 4 pounds per day, ora total of 807.25 pounds of 
food, making an average gain of 88 pounds. 

The food given to Pen I. did little more than maintain 
the original weight of the animals, while in Pen V. one- 
third the amount of beets in addition to four pounds of 
grain per day produced substantial gains. The pigs in Pen 
II. ate 706 pounds of beet pulp, or 7 pounds per day, and 
343 pounds of grain, or 3.54 pounds per day. The total 
amount of feed consumed by each pig was 1049 pounds, a 
little more in weight than was eaten by Pen I. The total 
gain was 88 pounds, or only ten pounds less than that made 
in Pen V. on 63 pounds more grain and a little more than 
one-half the weight of beets, but the ration in Pen V. is ap- 
preciably greater in cost than that given in Pen II. 

Pens III. and IV. give us a comparison of the amounts 
of corn and wheat and barley consumed, with their respect- 
ive gains. The pigs in Pen III. ate 383.5 pounds of corn, or 
3.8 pounds per day, making average gains of 71.25 pounds. 
In Pen IV. each pig ate 546.5 pounds of grain (equal parts 
wheat and barley) or 5.25 pounds per day, making average 
gains of 120.25 pounds. 

Wheat and barley is shown to have had a decided ad- 
vantage over corn in this experiment. When the chemical 
composition of corn and wheat and barley is taken into ac- 
count, these results are not surprising. In corn there is not 
sufficient digestible protein,—-or the muscle, blood and bone- 
building element—in proportion to the carbohydrates—or 
fat and heat-producing element—for the most economic 
gain. This porportion of protein to carbohydrates is called 
“nutritive ratio.” For fattening hogs this nutritive ratio 
should be about 1 to 7 (one part protein to seven carbo- 
hydrates), to obtain the best results. In corn this ratio is 1 
to 9.7, while in equal parts wheat and barley it is 1 to 7.5. 
It is usual to feed some substance richer in nitrogen with 
corn in order to make the ration nearer the correct stand- 
ard. The fact that wheat and barley mixed in equal parts 
furnishes a ratio so nearly correct may account for their 
greater palatability, making the pigs consume so much 
larger quantities of these grains than they would eat of corn 
alone, and as would be expected, they made greater gains. 


COST AND PROFIT. 


The true measure of the efficiency of a food ration for 
fattening stock 1s the value of the resulting product after 
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the cost has been deducted. In Table VI. will be found a 
comparison of the cost of the food consumed by each ani- 
mal and the first cost of the feeders and the profit at selling 
prices of six centsand seven cents per pound. Six cents 
per pound for the feeders was too high a price in the be- 
ginning. Seven cents per pound at the close of the experi- 
ment was not too high a price, so our statement of profit 
based on this buying and selling price is a conservative one. 
Feeding in small lots and experimentally as we did, makes 
it impossible to state fairly the cost of the labor used, but 
this is not necessary in order to make a true comparison of 
the different foods under investigation. The farmer who 
has had any experience in feeding swine can estimate this 
item for himself. The feeding is usually done at a season 
when the farmer’s time, or that of his men, is not consider- 
ed so valuable, and the pig feeding comes in after hours any 
way aschores. This is not an attempt to slight or ignore 
the question of labor at all, for it is a real one, but every 
farmer must estimate this item of expense for himself. 
There is no attempt made in this bulletin to show the cost 
of raising pigs up to the time they weigh 100 pounds. 
They were bought at 6 cents per pound and the results are 
figured from that basis. A large profit would be realized on 
pigs grown to that weight which could be sold at six cents 
per pound. 

The total cost of the food eaten by~pigs in Pen I. 
averaged $2.05. The total profiton each head at 7 cents 
was 13 cents, and at 6 cents there was a loss of $1.04 on 
each. Although the cost of the food was small, the profits 
were unsatisfactory because the gain in weight was so small. 

Pen V., with a total cost of food of $4.94 per hog, made 
a total profit of $.95 at 6 cents per pound, and at 7 cents 
per pound a total profit of $2.93. The pigs in Pen II. ate 
$3.78 worth of food per hog and made a total profit of $1.50 
when figured at 6 cents per pound, and $3.35 at 7 cents per 
pound. 

Pen II did not make as large a total gain by ten pounds 
per hog as Pen V. (see Table VI), but they did not consume 
as much grain by 73 pounds for each animal. While the 
pigs in Pen II. ate more than twice the amount of pulp, the 
cost of the pulp given each hog was not one-half as much 
as the cost of the beets given to Pen V. In the total profit 
then, the extra gain in live weight made by Pen V. was 
ade balanced by the cheapness of the ration fed to 

enells 


Pen [II., with $4.98 charged against each animal for 


SWINE FEEDING IN COLORADO. 21 


corn, made a total profit of $.95 per hog, figured at 7 cents 

per pound, and at 6 cents they made a loss of $.71. The 

value of the food consumed by Pen IV. was $5.46 per hog. 

The total profit at 6 cents was $1.75 each, and $3.goat 7 cents. 
TABLE VI. 


COST OF FOOD AND TOTAL PROFIT. 


Average 


A se | 
verage Cost of Food Eaten. Average First ht eee 
Hake | Wheat | = Pulp Mey te Se esc eats bata 
orn and eets : ad @ 6 cts 
| @ $1.30.| Barley | @ 20cts| @ 5 cts || Food || perth, || © Sets | @ 7 ots 
| @ $1.00.|  cwt, cwt. Eaten. per lb.| per lb. 
| - 
Pen T..........]| $2.05 $2.05 $6.01 —$1 04 $0.18 
|| 
Pon feel} $3.48 $0.35 3.78 5.80 1.50 8.35 
\| 
LUN nd ae |] $4.98 4.98 Dp. 70 —0.71 0.95 
| | | 
Pep EV... <2: | 5.46 5.46 5.67 1.75 3.90 
T 
Pom, Vici: ! 4.16 0.78 4.94 6.04 0.96 2.98 


POUNDS OF FOOD AND COST FOR ONE POUND OF GAIN. 


Table VII. gives the cost of the average amount of food 
eaten by each pig, at the current prices for the feeds used, 
and the actual cost of each pound of gain made during the 
fattening period. In next to the last column of the table is 
given the final cost for each pound of dressed pork which 
shows the amount per pound which would have to be re- 
ceived for the dressed meat in order to merely balance the 
cost of the food consumed. 

TABLE VII. 


FOOD FOR ONE POUND GAIN. 


Average Hood for One Pound Gain. Average || Average || Percent 
Cost per || Cost per. of 
Wheat | gugar pound Foun of || Dressed 
Corn and Pulp. of Gain. ressed || “Meat. 
Barley. | Beets. Pork. 
lbs. lbs. Ibs. lbs. cls. cts. % 
litle lee ay Gece SEEEODD 61.3 12.3 8.9 vi 
Jey ON 2 oeaeentinertee 3.9 8. 4.3 6.5 80 
GreU LE Pen atieractemreoyeine 5.4 th 8. 80 
TES BYP oon Set ROReCICsD 4.5 4.5 6.1 84 
Rea a, AY a acres into BOOAIORIEA 4.2 4. 5 6.8 84 
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While sugar beets cost less per pound than any other 
food, except pulp, it took 61.3 pounds of beets for each 
pound of gain made at a cost of over twelve cents. There 
was a comparatively large amount of waste in the beet fed 
lot, as they dressed only 77 percent of the live weight. 

The pigs in Pen II. ate 3.9 pounds of grain and 8 pounds 
of beet pulp for each pound of gain. This made the cost of 
each pound of gain 4.3 cents and the cost of each pound of 
dressed pork 6.5 cents. They dressed 80 percent of the live 
weight which is a little better than the beet fed lot and is 
the same as the corn fed lot. 

The pigs in Pen V. which were given the same _ kind of 
grain as the pulp fed lot in Pen IJ. and sugar beets instead 
of pulp, ate just a little more grain, 4.2 pounds, and one-half 
the amount of beets, or 4 pounds, compared with 8 pounds 
of pulp in Pen II. However, each pound of gain cost 5 
cents in the beet fed lot and the dressed pork cost 6.8 cents 
per pound. In this trial, then, the pulp gave a better return 
in dollars and cents than the sugar beets. It is believed the 
results would have been still more favorable to the pulp if 
we had fed only one-half as much, or three and one-half 
pounds instead of seven pounds, which was consumed per 
day. The beet fed lot actually ate three and three-fourths 
pounds of beets per day. 

The pigs in Pen III. ate 5.4 pounds of corn for each 
pound of gain, making the cost of each pound of gain 7 
cents, or 8 cents per pound for dressed pork. 

The pigsin Pen IV. ate only 4.5 pounds of grain composed 
of equal parts of wheat and barley for each pound of gain, 
at acost of 4.5 cents, or of 6.1 cents for each pound of 
dressed pork. These pigs grew better and dressed better 
than those fed on corn alone. (See illustration.) This 
shows that one pound of wheat and barley was equal to 1.2 
pounds of corn for making gains, where the corn is fed 
alone. But since corn cost $1.30 per hundred pounds while 
the wheat and barley cost only $1.00 per hundred pounds, 
there is even greater difference in the respective values of 
the dressed pork produced. If wheat and barley were 
worth $1.00, then in the light of this experiment the farmer 
could not afford to pay more than 83.3 cents for corn if he 
contemplated feeding it alone to swine as is usual. Instead 
of that, many farmers paid 46 cents to over 50 cents per 
hundred more for corn than it was worth to them and even 
sold their other grains to enable them to do it. 

Comparing the values of pulp with grain in Pens IJ. and 
IV., we see that eight pounds of pulp in Pen II. was made 
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to take the place of 0.6 pounds of grain in PenIV. This 
would give the pulp a value of $1.50 per ton when wheat 
and barley were worth $1.00 per hundred pounds. It was 
noticed that the pigs given pulp and beets in Pens IJ. and V. 
made much larger growth of frame than those in the other 
pens. This is nicely shown in the photograph here repro- 
duced, of the representative pigs of Pens III., IV. and V., 
and indicates that such ration given to young pigs during 
the first feeding period may produce larger ultimate gains 
and have a greater value than is here indicated where they 
were also used in the last fattening period. 

_ . Comparing the foods given to pigs in Pens IV. and V., 
it is evident that 4 pounds of sugar beets in Pen V. took the 
place of 0.3 pounds of grain:in Pen IV. This shows the 
sugar beets to have a value of $1.50 per ton when mixed 
with grain for pig feeding, or exactly the same value which 
we obtained for the pulp. It is not unlikely that different 
values might have been obtained if different proportions of 
these foods were given, but we would feel safe in advising 
any farmer not to pay $4.50 or $5.00 per ton for beets for 
feeding to swine. It is altogether probable that the beets 
were more valuable than this for sheep and cattle which 
naturally require a more bulky ration than hogs can profit- 
ably use. A bulletin reporting experiments to show the 
value of beets and pulp when fed to cows has been pub- 
lished, and another reporting experiments with lambs is 
now ready for press. These publications should be con- 
sulted by intending feeders. 


PIG FEEDING EXPERIMENTS OF 1900-1901. 


ADDING ROUGHAGE OR ROOTS TO A RATION. 


An experiment to indicate whether dry alfalfa roughage 
could be given a place in a ration for swine, was begun on 
December 1st, 1900. Nine Berkshire pigs were divided 
into three lots of three each and fed rations of mixed grain, 
mixed grain and dry alfalfa hay, and mixed grain and sugar 
beets. The mixed grain consisted approximately of two 
parts of corn and one of barley. The pigs would not eat 
the dry alfalfa at first, but they were made to eat it by chop- 
ping the hay rather fine and mixing with barley slop. 

The pigs were thrifty Berkshires raised on the College 
farm and were given a value of 4 cents per pound at the 
beginning of the experiment. The corn was worth 80 cents 
per hundred pounds and the ground barley $1.05 per hun- 
dred pounds. The pigs were fed 97 days and their value is 
given at five cents per pound live weight at the end of the 
fattening period. 

Table VIII. gives the kinds of food eaten, the average 
amount of each food consumed by each pig in the ninety- 
seven days, the live weight at the beginning and end of the 
experiment, and the average dressed weight. 


TABLE VIII. 


AVERAGE FOOD, WEIGHT AND GAIN PER HEAD. 


Average Food Eaten. Average Weight. Poveast 
Sugar At At : Dressed 
Corn. Barley, Bacte Alfalfa. eee ree Gain. Weight. 
; lbs. Ibs. lbs... lbs. lbs. lbs. | Ibs. % 
Ponds coc 409.50 190.70 5.30 162.20 272.30 101.10 | 86.10 
Poni ieee 381.30 173.50 | 154.70 259.70 105.00 | 87.40 
Pen DLE cnc. 350.30 184.30 99.30 | 148.30 244.70 6.0 87.10 


In addition to their grain ration the pigs in Pen I. con- 
sumed an average of 55.3 pounds of dry alfalfa hay, a little 
more than one-half pound per day. They made the best 
gain but did not dress quite as well as the pigs in the other 
pens. Those in Pen III. ate approximately one pound of 


sugar beets apiece per day in addition to the grain ration, 
but they made the poorest gains. 


ee 
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In Table IX. is given the average food eaten for each 
pound of gain produced, the average gains made, and the 
comparative cost and profit. In Pen I. it took 5.44 pounds 
of grain and .49 pounds of alfalfa to make a pound of gain, 
and while the pigs in this lot made the best gains on ac- 
count of the food eaten, it was at a slightly greater cost 
than where grain was fed alone in Pen II. With the corn 
and barley mixture it seems that it took a large amount of 
grain for each pound of gain, not making as good a show- 
ing as did wheat and barley in other experiments. While 
only a small amount of sugar beets was eaten by the pigs in 
Pen II1., adding beets to the ration seemed to produce no 
beneficial effect. The pigs made smaller gains at greater 
expense that either of the other lots. 


TABLE IX. 


FOOD PER POUND OF GAIN, COST AND PROFIT. 


Average eae , eer 5 Aver’ge 
Food for One Pound Gain. || cou Conk ee: oe Aver’ge|| Cost 
Dp a Dd qd . ‘ f Total || per lb. 
| | Sugar | ae aes Blood Pre ee oP 
| ’ | Dp 5) ; ’ 
\| — Barley: Beets. es Day. Gain. || Eaten. ||@ 4 cts. Gr ets, ae 
| lbs, lbs. | lbs. { lbs. || Ibs. ets. $ $ $ cts. 
Paw oscs.. 1] Bates ly E72 | 0.49 || 1.138 4.9 5.40 6.49 Lis 5.10 
Pen Bi. 2.5 | 3.63 1.65 | 1.08 | 4.6 4,86 6.18 1.94 4.90 
| | 
1 ; i 
Pen T....)) 3.64 AOL We G08 | 99 | 5.2 5.04 | 5.93 1.26 5.30 
| | if 


SWINE FEEDING EXPERIMENT OF 1901. 


An experiment planned to test the value of shorts when 
fed with corn and to compare the value of a ration of corn 
with a combination of wheat, oats and barley with the value 
of a ration of shorts fed ina like combination. The feed- 
ing was done from March 23d to May 31, 1901. Eleven 
pure bred Berkshire pigs were used in this experiment, 
averaging about five months of age. The trial was con- 
ducted similar in all respects to the other experiments re- 
ported in this bulletin. The following foods were fed: 

Pen I.—Corn. 

Pen I1.—Corn and shorts. 

Pen III.—Shorts, wheat, oats and barley fed in rotation. Shorts 
with wheat and oats one day, and with wheat and barley the next, oats 
and barley the third day and so on. 

Pen I[V.—Corn, wheat, oats and barley. The corn rotated with 
two other grains as indicated for pigs in Pen III. 

In Pen I. there were two pigs averaging 164.5 pounds. 
They were two months older than the remaining ones used 
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in the experiment and weighed a little over sixty pounds 
over the average in the other pens. The three pigs in each 
of the remaining pens were quite evenly divided as to age, 
size, etc. 

The following prices were charged in computing the 
results of the experiment: 


Corn, 83 cents per cwt. 
Shorts, 75 cents per cwt. 
Wheat, 95 cents per cwt. 
Oats, $1.20 per cwt. 
Barley, $1.20 per cwt. 


_ Table X. gives the average food eaten by each animal 
in the respective pens, the average weight and gain of 
same, and the percent each dressed. 


TABLE X. 


AVERAGE FOOD, WEIGHT AND GAIN PER HEAD. 


Average Food Eaten. Average Weight. Penoont 
At At Dressed 
Corn. | Shorts.| Wheat.) Oats. | Barley.|| Begin- Gain. || Weight. 
| ning, | End. | 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
Peng dies cb sets nace All Roane 164.50 | 230.00 65.50 78.60 
Pon ee seen al Pacis Om pant 66 104.00 | 177.60 73.30 | 77.40 
Ponds ce ee 226.50 76.50 73.60 75.50 || 112.50 | 188.20 88.20 | 81.60 
} 
Pens bV ier acres RZOSEGO 72.30 68.50 68.30 98.00 | 185.30 85.60 | 79.20 
TABLE Xl. 


FOOD FOR ONE POUND GAIN, COST AND PROFIT. 


Average Food for One Pound of Gain. || “ain Cost Av. ||Av. Ist}( Av. ||Av.cost 


per per cost ||cost of|| total || per lb. 
head || pound of hogs profit of 
Corn. |Shorts.|Wheat.| Oats. |Barley. per of food @ @ dressed 
| day grain, || eaten. || 4 cts. 5 ets. pork 
Pe lbs. lbs. Ibs. lbs. lbs. lbs. || cts. $ $ $ cts. 
ao 6.48 .98 5.30 3.91 6.58 1.41 4,03 
a 
aH 8.08 3.01 | 1B UN 4.80 | 3.54 | 4.16 1.18 4.33 
8x 5 | 
ao 2.61 0.88 0.85 0.87 | 1.31 4.70 4.22 4,50 0.69 4.20 
a> | 
ge || 2.48 0.84 | 0.80 | 0.80 |} 1.27 || 4.70 | 4.06 | 3.92 || 1.19 || 4.85 


Table XI. gives the details of the food eaten for each 
pound of gain and cost and the profit. The results corres- 


re eS 


SWINE FEEDING IN COLORADO. 27 


pond with those reported on other experiments in this 
bulletin, in showing that corn alone is not a balanced ration 
and does not produce the gains that result from feeding 
other grains with or without corn. This is not so apparent 
at first from this table as it is after carefully studying the 
conditions and results. 

The pigs in Pen I. were older and larger than those in 
the other pens. It took 6.43 pounds of corn to produce a 
pound of gain and their average gain per day was only .98 
pounds, compared with much larger gains in the other pens. 
The cost per pound of gain is high, but the apparent profit 
and cost per pound of dressed meat is low. This is because 
they were 64 pounds heavier than the other pigs and at the 
increase of one cent per pound this weight makes the ap- 
parent profit 64 cents higher that it should be when com- 
pared with the smaller pigs in the other pens. The real 
profit in such comparison would be 97 cents instead of $1.41 
as actually shown in the table. The cost of one pound of 
dressed meat figured on the basis of these smaller 100 
pound pigsinthe other lots, would be 5.77 cents instead of 4.03 
cents, and the corn ration would be the most expensive one 
in this series. This shows the fallacy of figuring all of the 
pigs at the same price at the beginning of the experiment, 
regardless of size and age, and illustrates the advantage of 
selecting larger animals for feeding. With this understand- 
ing it appears that mixed grain was superior in every case 
to corn alone. 

The gains per day increased with the increase in the 
variety of food eaten, and the amount of grain for each 
pound of gain decreased with the same condition. In Pen 
I. it took 6.43 pounds of corn for each pound of gain; in Pen 
II. 6.09 pounds of corn and shorts per pound of gain; in Pen 
III. 5.31 pounds of mixed grain per pound of gain. In Pen 
IV. 4.87 pounds mixed grain per pound of gain. Comparing 
Pens III. and IV. gives an idea of the comparative value of 
corn and wheat shorts. It took more shorts with other 
grains in Pen III. to produce a pound of gain than it did 
corn with other grains in Pen IV. and although the shorts 
were figured at a less price than corn, the total profit from 
the pen is less than—approximately one-half—that in 
Pen IV. 

It is likely that the ration given in Pen III is as much 
too narrow as the corn ration in Pen I. is too wide. The 
nutritive ratio of corn is about 1:9.4, and of the ratio in Pen 
III. is 1:5.9. The nutritive ratio called for inthe German 
feeding standard for fattening hogs is 1:7. The nutritive 
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ratio of the ration given Pen II. is 1:6.3 and that supplied 
Pen lV. is 1:8.1.. The best gains, and for the least amount 
of food, were made in Pen IV. This study is interesting 
when compared with the wheat and barley ration fed in the 
first experiment reported in this bulletin. Equal parts of 
wheat and barley have a nutritive ratio very near the Ger- 
man standard and have produced the best results for us. 
Other factors probably influence the effect of a ration as 
much as will small differences in the ratio. The cost and 
profit is influenced by the prices of the different grains so it 
is not so good a measure of the actual fattening quality of 
the mixtures. 

The results in Pen IV. show that 4.87 pounds of grain 
used was worth as much as 6.43 pounds of corn in Pen I. 
This grain mixture consisted of 2.44 pounds of wheat, oats 
and barley, equal parts, and 2.43 pounds of corn. Then if 
corn is worth 83 cents per hundred pounds, the wheat, oats 
and barley to mix with it in this fattening ration were worth 
$1.36 per hundred. At the present prices farmers could not 
afford to feed corn atall and it would be better to elimi- 
nate the oats from the ration, feeding wheat and barley as 
indicated in the first experiment reported in this bulletin. 
All these experiments show the advantage of our home 
grown grains in unmistakable terms. 


GENERAL CONCLUSIONS. 


The salient points shown inthe series of pig feeding 
experiments reported in this bulletin are briefly: 


1. Home grown grains fed in proper proportion to bal- 
ance the ration are more valuable than corn. 

2. A well balanced ration gives better returns in every 
case thana poorly balanced ration, and a mixture of 
grains is better than a single grain fed alone. 

3. Sugar beets for swine feeding were unprofitable with 
us, either fed alone or in combination with grain. 
Green pasture would probably serve the purpose of 
furnishing succulent food for growing pigs at less ex- 
pense. 

4. Sugar beets are little more than a maintenance ration 
when fed alone to hogs. . 

5. Sugar beets and sugar beet pulp proved equally valu- 
able in our experiments and because of its cheapness 
and effect on growth we believe pulp may be profitable 
to feed to growing pigs in connection with a grain 
ration, or during the first part of a fattening period. 
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These experiments indicate that sugar beets may have 
a value of about $1.50 per ton when fed to hogs in com- 
bination with grain. 
Beet pulp gave a return of $1.50 per ton when fed in 
combination with grain. 
Sugar beet pulp served the same purpose in our hog 
rations as did sugar beets and at less expense. 
It was necessary to mix beet pulp with grain in order to 
educate the pigs to eat it. We would not recommend 
feeding more than two pounds of pulp to a pound of 
grain in a ration for pigs which are from 100 to 200 
pounds in weight. 
Our trials indicate that pigs take some of the nutritive 
property from beets, but their principal use, as well as 
that of pulp, seems to be mechanical. 
Dry alfalfa hay as roughage, may be made use of by 
the growing pigs. In our trials the pigs ate more grain 
and made more gain than on a similar grain ration mi- 
nus the alfalfa. 
Comparing our results with pig feeding experiments in 
other states, indicates that our small grains, more espe- 
cially our barley and wheat, are worth more compared 
with corn than similar grains raised under rainfall con- 
ditions. 
Mixed wheat and barley ground together make a well 
balanced ration for pigs and one upon which they will 
make better growth and gain than they will on a 
ration composed of corn alone. The farmer in Colora- 
do cannot ordinarilv afford tosell his home grown grain 
and purchase corn for fattening hogs. Wheat and bar- 
ley in equal parts were worth 17 percent more than corn 
fed alone. 
If wheat and barley are worth $1.00 per 100 pounds, 
corn is worth only 83.3 cents, but many farmers sold 
their home grown grains for $1.00 to purchase corn at 
1.30. 
aide is enough food at home, including grain, alfalfa 
pasture, by-products of dairies and beet sugar facto- 
ries, to make swine growing and fattening a profitable 
industry on Colorado farms. 
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PEALE 


Fed Oats, Wheat, Barley and Alfalfa. 
Given Cold Water to Drink. 


PRISE 


Fed Oats, Wheat, Barley and Alfalfa. 
Given Warm Water to Drink. 


LAMB FEEDING EXPERIMENTS. 


By B. C. BUFFUM AND C. J. GRIFFITH.* 


The value of the by-products from the beet sugar fac- 
tories is a prominent subject among lamb feeders. With 
the remarkable growth of the beet industry within the 
state there will be a corresponding increase in the tonnage 
of pulp available to feeders. The pulp sells at a low price 
per ton, so low indeed that if it has any virtue at all either 
for fattening or for preparing the lambs to make more 
profitable gains when put on full feed, it will be a valuable 
addition to our supply of stock food in Colorado. 

To compare the value of pulp when fed with alfalfa, or 
with alfalfa and grain, and the vdlue of sugar beets when 
fed in the same manner, we carried out an experiment at 
the College during the past spring. The pulp was furnish- 
ed gratis for this purpose by the Great Western Sugar 
Company at Loveland, through the courtesy of Mr. A. V. 
Officer. Early in Februarya car load of pulp was received 
and hauled to the College barn where it was placed in con- 
venient piles on the ground near the feeding pens. 

Much has been written and said during the past year 
about the value of beet pulp, and many of the statements 
have been extravagant, or were without any basis of fact. 
It is not our intention to put any account of the feeding of 
pulp which has been complied from other sources in the body 
of this bulletin, but will state simply our own results. In 
our bulletin No. 73 of this Station, on the ‘“Feeding Value 
of Beet Pulp and Feeding Sugar Beets and Pulp to Cows,” 
has been published a brief resume of such data as we con- 
sider authentic, compiled from all sources to which we have 
had access. Our tests of sugar beet pulp for fattening hogs 
are reported in Bulletin No. 74 on “Swine Feeding in Colo- 
rado.”’ This last bulletin gives the only information with 
which we are acquainted on feeding beet pulp to swine. 


*Instructor in Animal Husbandry. 
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Many of our farmers have been convinced of the great 
worth of sugar beets in a ration for fattening stock, andjin 
some instances they have paid more for beets for feeding 
than the factory would pay for manufacturing purposes. 
This makes the question of the value of sugar beets for 
feeding a live one, and we here report experiments which 
were carried out to throw light on this subject. 

Sugar beets for fattening hogs were tried last year, and 
the results indicated that they were not so valuable for that 
purpose as many have supposed. These experiments are 
reported in the bulletin on “Swine Feeding in Colorado.” 
It is well known, however, that a food suitable for one class 
of stock may not be suitable for another, and the results 
obtained with beets or pulp when fed to swine do not indi- 
cate what their nutritive quality would be when fed to 
lambs or cattle. Pigs require a concentrated ration, and 
while they may be, and in our trials were, able to live and 
make small gains when fed with beets alone, the ration was 
a bulky one and did not prove profitable. Pigs do not 
ordinarily live on dry hay, while lambs or cattle may lay on 
fat with such bulky rations, making good returns for the 
roughage consumed. Feeding beets or pulp to lambs along 
with alfalfa is very different from feeding these products to 
pigs when given either with or without grains or other con- 
centrated foods. 

The second experiment reported was inaugurated to 
compare home grown or small grains with corn, which is 
shipped inin great quantities by our sheep feeders, and dur- 
ing the past year, at least, has cost them much more than 
the grains which they raise on their own farms could be 
sold for. Many have an idea that stock of any kind can- 
not be fattened and properly fitted for market without us- 
ing corn. Investigations in eastern states have shown that 
wheat is as valuable as corn for fattening stock. Our own 
experiments with fattening swine reported in the bulletin 
entitled ‘‘Swine Feeding in Colorado,” show that mixtures 
of wheat and barley are preferable to corn for fattening 
pigs when either grain can be obtained at the same price 
as corn. 

_ Occasionally there is introduced into the state, some- 
thing new, either a new grain or a new variety which is 
given notoriety through the papers and which many go to 
considerable expense to obtain before they can know much 
about it. The Russian Spelt or Emmer is one of these, and 
in our sheep féeding trials its value has been carefully in- 
vestigated. Russian Spelt, as it is popularly called (more 
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accurately “emmer’), is a primitive sort of wheat which 
does not shell out of the hull when threshed. As the ker- 
nels remain in the chaff, the grain is lighter than wheat, 
weighing about the same per bushel as oats, but it produces 
large yields and is said to be a good drouth resistant vari- 
ety. In 19o1,a field of this spelt on the College farm 
yielded sixty-three bushels per acre. The grain is very 
hardy. The present season we have a field of emmer grow- 
ing on very poor land which is somewhat alkalized, parts of 
which would heretofore produce nothing but a crop of 
poverty weed. On this land we will get a very fair crop of 
grain. 

The third experiment given in this bulletin was plan- 
ned along the same line as the second one reported—a 
comparison of home grown grains with corn. Cold water 
was also compared with warm water in this sametrial. A 
third comparison made in this experiment was the relative 
gain made by Shropshire crosses and native western lambs. 
These so-called Shropshire crosses were the first cross of 
pure bred Shropshire bucks on the native merino grade 
ewes. They were raised at the College farm from some 
old native ewes which had been purchased for an experi- 
ment. 

Seven years ago the Station published Bulletin No. 32 
on “Sheep Feeding in Colorado,’ prepared by Professor 
W.W. Cooke. That bulletin contains some information of 
general value and some interesting feeding experiments are 
reported. Those who are making a study of the lamb 
feeding problem will be interested enough to compare the 
results reported at that time and those given in the present 
bulletin, more especially, perhaps, the results from feeding 
sugar beets. The cost for each pound of gain where beets 
formed a portion of the ration was higher than the cost per 
pound of gain with grain rations, and the profit was not 
sufficiently large to make beet feeding remunerative. Pro- 
fessor Cooke reported a maximum return from feeding beets 
of£$2.77 per ton and gives a low value of grain when added 
to a beet ration. The investigations reported in the pres- 
ent bulletin tend to substantiate that view. Because of the 
low cost of beet pulp, however, it forms a cheap substitute 
for the more expensive roots and the pulp seems to serve 
the purpose of adding a succulent food so well that there is 
considerable advantage to be gained from its proper use. 

The comparative value of wheat and corn for lamb 
feeding where the lambs are finished on either of these 
grains, as reported in Bulletin No. 32, shows wheat to be 
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worth 15 percent more than corn, but under other con- 
ditions and for the entire trials then made, the wheat and 
corn were almost exactly equal to each other. The results 
with corn in our more recent trials show that the high 
prices paid by our farmers for corn during the past year 
were more than it was actually worth when compared with 
our home grown grains at their prevailing market prices. 
The high prices received for fattened lambs made the feed- 
ing of corn at $1.30 per hundred pounds profitable, but the 
man who properly fed wheat and barley at one cent per 
pound would have an appreciably larger balance on the 
right side of his ledger. It is the province of the Experi- 
ment Station to investigate these subjects and furnish the 
information to all who desire it. In addition to Bulletin 
No. 32 on sheep feeding, the Station has published Bulletin 
re 52 on “Pasturing Sheep on Alfalfa and Raising Early 
ambs.” 


EXPERIMENT 1.--SUGAR BEETS AND BEET EUR. 


KIND OF LAMBS FED. 


In the first and second experiments here reported, we 
used Mexican Jambs which averaged 55 pounds, per head 
March sth, 1902. They were in very poor condition when 
we received them, a few days prior to the beginning of the 
experiment. They had trailed a long distance to Albu- 
querque, New Mexico, at which place they were held until 
they could be dipped twice. During the interval between 
the dippings they were kept on the sand hills where there 
was practically no food to be had. This class of lambs 
would represent the most unprofitable kind that could be 
had for feeding anywhere in the west. The resulting profit 
obtained, then, may be considered a minimum In April 
the lambs were shorn and the wool credited at ten cents 
per pound. 


OBJECT AND PLAN OF EXPERIMENT I. 


The object of this trial was to determine the compara- 
tive value of sugar beets and beet pulp when fed with al- 
falfa hay either alone or in combination with grain. Fifty 
lambs had been divided into ten lots of five each and five of 
these lots were to receive beet and pulp rations. Lots I. to 
IV. are regularly reported. Lot X. was given a ration of 
beets, grain and straw, in order to show the comparative 
return from feeding alfalfa and to determine whether the 
beets and straw could be made to take the place of alfalfa. 
Some of our farmers have thought that sugar beets had 
such a high feeding value that they could be made to take 
the place largely of both hay and grain. We failed to get 
the lambs in Lot X. fat enough to turn and considered the 
trial so much out of the ordinary that it would not be worth 
while to compare the results more than in a general way. 
So this lot does not appear in our tables. The following 
rations were fed to those in the sugar beet and pulp trial: 

Lot I.—Alfalfa and beet pulp. 

Lot II.—Alfalfa and beet pulp with grain consisting of 
equal parts of barley and wheat added during the last eight 
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weeks the lambs were fed; cutting off all the pulp during 
the last thirty days. 

Lot II.—Alfalfa and sugar beets. 

Lot IV.—Alfalfa and sugar beets with grain consisting 
of equal parts‘of wheat and barley added during the last 
eight weeks the lambs were on feed, cutting off the supply 
of sugar beets during the last thirty days. 

The alfalfa was fed ad /zbztum, a complete record being 
kept of amount of fed and amount not eaten. It was the 
intention to feed all the pulp and beets that the lambs would 
eat, but it was not kept before them all the time. 

Each lamb was marked, and weighed separately once a 
week in order to keep complete individual records of them 
as well as accounts of the lots. The lambs were selected 
carefully in order that there should be no advantage of any 
one lot over another by having in it a superior class of in- 
dividuals. 

In Experiments I. and II.,the feeding was done and the 
notes taken by senior students under the direction and 
supervision of one of us. Our acknowledgments are due 
more especially to Mr. E. P. Taylor and Mr. H. J. Faulkner. 

In computing comparative values and the cost of food 
eaten, cost for each pound of gain, etc., local market 
prices of the food used are as follows: 

Alfalfa on the farm, $4.00 per ton. 

Beet pulp delivered, $1.00 per ton. 

Sugar beets on the farm, $4.00 per ton. 

Wheat and barley, $1.00 per hundred pounds. 


RESULTS OF EXPERIMENT I. 


Nothing occurred to mar or interfere with this experi- 
ment except the necessity of feeding a small amount of 
grain during the first week to induce the lambs to begin 
eating the pulp and beets at ounce and a mistake which was 
made during the last three weeks when Lot III. receiving 
the beets were given grain. As all the lots received the 
same amount of grain the first week, the value of the com- 
parisons of one lot with another are not disturbed. By 
drawing the conclusions for the first five weeks and for the 
first ten. weeks, we are able to eliminate the effect of the 
grain given. during the last thirty days to the pulp and beet 
lots, and show the comparative value of beets and pulp. 

The beets showed a tendency to scour the lambs when 
they ate too large a quantity of them. The lambs in Lot 
IV. and.one lamb, No. 7, in Lot II., were out of condition 
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once during the feeding period by having been fed too 
liberally. 

Table I. gives the amounts of food supplied to each lot 
during each week, with the total amount fed each lot and 
the orts not eaten which were weighed back each day. 


TABLE lI. 


LAMB FEEDING. SUGAR BEETS AND BEET PULP. 
FOOD EATEN IN POUNDS. 
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Table II. gives the average amount of food actually 
consumed by each lamb daily. The alfalfa left uneaten 
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consisted of the coarser stems and these were consumed 
readily by the stock sheep. It was necessary at first to 
sprinkle the pulp with grain in order to get the lambs to eat 
it atall. Near the end of the trial the supply of sugar beets 
gave out and a little grain was added to the ration given 


Lot Ill. 
TABLE Il. 


AVERAGE FOOD EATEN DAILY IN POUNDS. 
Sugar Wheatand Total Food 


Alfalfa. Pulp. Beets. Barley. Daily. 
GO GeLS nse eee 2.02 4.22 0.04 6.28 
(oti ee 2.10 1.82 0.72 4.64 
IGG VO bo estos 1.82 2.70 0.30 4.82 
Otel Vee eh 1.76 0.90 4.43 


The amount of alfalfa, pulp and grain consumed by the 
five lambs in Lot I. was 6.28 pounds per head daily; 2.02 
pounds of alfalfa, 4.22 pounds of pulp and .o4 pounds of 
grain; or a total of 168.2 pounds of alfalfa, 375 pounds of 
pulp and 3.9 pounds of grain per head during the 84 days 
feeding. 

Lot Ill. ate a ration of 1.82 pounds of “alfalia we 
pounds of sugar beets and .30 pounds of grain per head 
daily, making a total ration of 4.82 pounds consumed daily; 
or a total amount of food eaten per lamb through the ex- 
periment of 153.2 pounds of alfalfa, 227.2 pounds of sugar 
beets and 25.6 pounds of grain. 

There were 2.10 pounds of alfalfa, 1.82 pounds of pulp 
and .72 pounds of grain consumed daily by the average 
lamb in Lot IL., a total daily food of 4.64 pounds, or a total 
through the period of 177 pounds of alfalfa, 153 pounds of 
pulp, and 6.04 pounds of grain. 

Lot IV. consumed an average) daily ration of sim, 
pounds of alfalfa, 1.76 pounds of sugar beets and .go pounds 
of wheat and barley, a total daily ration of 4.43 pounds per 
lamb. This makes a total of 149.2 pounds of alfalfa, 147.2 
pounds of sugar beets, and 75.2 pounds of grain consumed 
through the experiment by the average lamb in this lot. 

The total amounts of food consumed for the entire 
period are as we should expect to find them, greater in 
those lots having pulp than in those having the beets, prob- 


oe because of the greater percent of nutrients in the 
eets. 


WEIGHT AND GAINS PER WEEK ON PULP AND BEET RATIONS. 


Table III. gives by weeks the individual weights of the 
lambs in the four lots during the trial, and the total gain 
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made by each. Lamb No. 4 in Lot I. did poorly, making a 
gain of only eight pounds for the whole time, while the other 
four lambs in the pen made an average of 17 pounds each. 
For the first five weeks while on pulp and alfalfa the other 
four lambs in Lot I. made average gains of 9.7 pounds, 
while lamb No. 4 gained only three pounds. This lamb 
making a gain so much smaller than the normal will ex- 
plain in part at least the difference in gains of Lot I. and 


» LABLE Pil. 


INDIVIDUAL WEIGHTS AND GAINS IN POUNDS. 
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Lot II. during the first five weeks when both lots were re- 
ceiving the same ration of pulp and hay. 


TABLE IV. 


POUNDS GAIN PER WEEK—WITHOUT GRAIN. 
Lot I.* Lot II.* Lot III.f Lot IV.T 
20 28 19 26 


IMlat Ghai Gute eee ha eee ees 

Marchi 22 2 eee es ee 1 6 1 16 
Marcli22: 5 eien sae. mesh pomp 5 101 15 -l1 
IMA CH 20a ye eres 3 6 9 i 
SAD EUE Sete eee ee oe nates 13 12 15 11 
Gainho) 22s ee ee eee 42 51 59 49 


*Lots I. and II. fed pulp and alfalfa. 
+Lots III. and IV. fed beets and alfalfa. 


TABLE V. 


POUNDS GAIN PER WEEK—WITH GRAIN. 
Motul Lot II.t Lot III.¢ Lot IV.2 
1 5 12 


A 

15 11 14 

16 2 1G 

6 iy 15 

6 if 13 

3 8 30 

13 igh 10 

be —4 1 -3 

i 60 63 89 
Total Gain Flesh (March 8 

IVE iy 128) ete ean re eee en 76 94 106 121 

FIGCCOS ee eee. Smee ae eer teeter 1G 17 16 17 
Total Gain with Fleece Mar. 

Sayin 25)| seers eee 92 111 122 138 


*Lot I. fed pulp and alfalfa. 

tLot II. fed pulp, alfalfa and grain. 

tLot III. fed beets, alfalfa (grain three weeks.) 

ZLot IV. fed beets, alfalfa and grain. 

Table IV. shows that the ten lambs of Lots I. and II. 
fed pulp and alfalfa for five weeks gained 93 pounds. In 
order to get the lambs to eat the pulp 16 pounds of grain 
was mixed with it for the two lots during the first week, and 
during this time while receiving the grain they made a 
total gain of 38/pounds, leaving 55 pounds gain due to the 
pulp and alfalfa fed’the other four weeks. 

Lots II]. and IV. consisted of to lambs fed on sugar 
beets and alfalfa, and they gained 108 pounds during the 
first five weeks. They were fed the same amount of grain 
during the first week as Lots I. and II. The gains made by 
the 10 lambs fed ,with beets during the first week amount- 
ed to 45 pounds, leaving 63 pounds of gain due to sugar 
beets and alfalfa in the remaining four weeks, or eight 
pounds more gain for the beets than for the pulp. 


LAMB FEEDING EXPERIMENTS. 3 


Table V. shows that the five lambs in Lot I. made a 
total gain of 92 pounds, 16 pounds of which was fleece, 
while those fed beets and alfalfa made a total gain of 122 
pounds, 16 pounds of which was fleece. However, the beet 
fed lambs received 99 pounds of grain more than those 
which were fed pulp. The pulp fed lambs in Lot I. were 
given 11} pounds of grain in the two weeks from May 10 to 
May 24, and Lot III. which was fed beets received 120 
pounds of grain during the last three weeks of the ex- 
periment. 

In our plan of the experiment it was not the intention 
Bee the pulp and beet fed lambs should have any grain at 
all. 

Referring to Table V. it will be seen that the pulp fed 
lambs made but one pound gain during the last three 
weeks, while the beet fed lambs made an appreciable gain 
during this time when the grain was giventhem. The gain 
made by Lot III. during the last three weeks was 20 
pounds, but during this time they received only 57 pounds 
of beets, and the principal part of the gain was due, no 
doubt, to the grain fed. 

Lot III., fed beets and alfalfa, gained 122 pounds dur- 
ing the experiment, 16 pounds of which was fleece. De- 
ducting the 20 pounds gain while being fed grain, and the 
amount of fleece, and comparing with Lot II., the results 
would indicate that the beet and alfalfa lot gained 10 
pounds more than the lot which received pulp and alfalfa. 
This statement must be taken with due allowance because 
the five lambs ate almost two and one-half pounds of beets 
per day during the last three weeks and they may have pro- 
duced an appreciable effect on the gains. 

Lot II., which was fed pulp, alfalfa and grain, gained 
111 pounds, 17 pounds of which was fleece, and Lot IV. fed 
beets, alfalfa and grain, gained 138 pounds, 17 pounds of 
which was fleece. Then the lots fed beets and grain gained 
27 pounds more than the lot fed pulp and grain, the fleece 
being the same in each case. ; 

Adding grain to the pulp and alfalfa ration gives an in- 
creased gain of 10 pounds over the pulp and alfalfa ration 
during the last eight weeks of the experiment. No com- 
parison can be made between the beet, alfalfa and grain 
ration and the beet and alfalfa ration for the whole time, 
because of the amount of grain given to Lot III. during the 
last three weeks. However, by taking the first 10 weeks 
of the feeding period, leaving out the last three weeks, we 
are able to make a fair comparison between the lots. 
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Briefly stated up to this time, (May 10), Lot I.,on pulp, 
gained in flesh 75 pounds, Lot III., on beets, gained 86 
pounds, or eleven pounds more for the beet ration than for 
the pulp ration. Lot II., fed pulp and grain, gained 82 
pounds, or seven pounds more than those on pulp without 
grain, and four pounds less than Lot III. on beets and al- 
falfa. Lot IV., on beets and grain, gained 103 pounds for 
this ten weeks’ period, or 28 pounds more than Lot I. on 
pulp; 27 pounds more than those on beets and alfalfa, and 
21 pounds more than those on pulp and grain. 

For the ten weeks’ period Lot I. ate 1277 pounds of 
pulp and 640 pounds of hay worth $1.82. Lot III. ate 1079 
pounds of beets and 577 pounds of hay worth $3.31. The 
beet lot gained 11 pounds more than the pulp lot, worth 66 
cents. Then $1.82 worth of pulp and hay was equal to 
$2.65 worth of beets and hay when fed without grain. The 
hay being the same, the pulp would be worth $1.46 per ton 
compared with beets at $4.00 per ton when fed with hay 
alone. There was actually more hay eaten with the pulp 
than with the beets so the difference would not be quite so 
great. Making the same comparison between the lots 
which were fed grain with pulp and with beets, Lot II. ate 
in the ten weeks 765 pounds of pulp, 720 pounds of hay and 
179 pounds of grain, while Lot IV. ate 784 pounds of beets, - 
566 pounds of alfalfa and 192 pounds of grain. The food 
eaten by Lot II. was worth $3.62 and that eaten by Lot IV. 
was worth $4.62. Lot IV. gained 21 pounds more than Lot 
II. which was worth $1.25. Then $3.62 worth of pulp, al- 
falfa and grain was equal to $3.36 worth of beets, alfalfa 
and grain. The beets would be worth a little more than 


TABLE VI. 


FOOD EATEN AND GAINS IN POUNDS. 


Food Eaten \verage Weight 


z| ¢ 

: eS Total|| @ 

> |< ; a ae ean ie 

e B |jaltalta Sugar) Pulp | Wheat | Barley Ea Atena || “esh || § 
Wotelesace:. ) 84 > Sk1 Aco hele Mee 9.75 9.75 56.8 72.2 76.0 16.0 
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Roo nen 765 | 151.00 | 151.00 57.8 76.6 94.0 || 17.0 


Lot II | 5 
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sates 64.00 | 64.00 51.8 73.0 |/106.0 || 16.0 


Lot IV | 5 84 || 746 139 Joc. oa) £83200) | TS8z0) d7.8 82.0 ||121.0 || 17.0 
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$4.00 per ton compared with pulp at $1.00 per ton when fed 
in this way with grain at one cent per pound. 

The whole discussion indicates that so far as the results 
of this experiment are reliable, pulp at $1.00 per ton, with 
alfalfa at $4.00 per ton, isa much more economical ration 
than beets at $4.00 per ton, with hay at the same price, 
when no grain is given, but that a ration of pulp, alfalfa and 
grain 1s approximately equal to beets, alfalfa and grain at 
$1.00 and $4.00 per ton respectively. 

Table VI. gives the total amount of food eaten by each 
lot and the gains made. 


AMOUNT AND COST OF FOOD COMPARED WITH GAINS. 


Table VII. gives the amount and cost of food consumed 
for one pound of gain made in each lot, also the average 
percent of dressed weight for the respective lots. 


TABLE VII. 


FOOD EATEN FOR ONE POUND GAIN. 


I 
1 Food for One Pound Gain Cost Bareent 
Ht 1b. Dressed 
| | Alfalfa | Mati Pulp Wheat Barley Gain Weight 
| 

{|- Ibs. ‘Ibs. lbs. Ibs. Ibs. cts. 

[Bt ie SR iy eer Rae ot 19.30 0.02 0.02 2.83 45.7 
1 i 
{| | 

Woteliie. 1 7.97 eer rea 6.90 1.36 1.36 4.65 48.1 
| 

AbocuIME elie 1628, 1) 9:31 Sn aaostel| OER 0.52 4.16 46.6 
i | | 

LotIv.. || 5.49 | 5.85 ese, Sea ce | gat oe 1.36 4.87 46.6 


Comparing Lots I. and II. we find that 9.14 pounds of 
alfalfa; 19.3 pounds of pulp, and .o4 pounds of grain in Lot 
I. was equal to 7.97 pounds of alfalfa; 6.9 pounds of pulp 
and 2.72 pounds of grain in Lot II. In Lot III. where sugar 
beets took the place of the pulp in the ration of Lot I. it 
required 6.28 pounds of alfalfa, 9.31 pounds of beets and 
1.04 pounds of grain to produce one pound of gain; or it 
took 9.31 pounds of beets and 1.00 pound of grain in Lot 
III. to replace 19.3 pounds of pulp and 2.86 pounds of al- 
falfa an dotiT. aT 

Lot IV., which hada similar ration to Lot II., except 
that the pulp in Lot II. was replaced with with beets in Lot 
IV., required 5.4 pounds of alfalfa, 5.35 pounds of beets and 
2.72 pounds of grain for one pound of gain. The extra 
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grain in Lot IV. of 1.68 pounds for each pound of gain re- 
placed .88 pounds of alfalfa and 3.96 pounds of sugar beets 
in the ration of Lot III. _ 

Because of the cheapness of the food the pulp and al- 
falfa made the gain cheaper than the other rations. The 
cost of each pound of gain was 2.83 cents in Lot I. fed pulp, 
4.16 cents in Lot III. fed beets, 4.65 cents in Lot II. fed pulp 
and grain and 4.87 cents in Lot IV. fed beets andgrain. As 
would be expected, the percent of dressed weight was 
smallest with the pulp fed lambs. They dressed out 45.7 
percent of the live weight against 46.6 percent for the sugar 
beet lot, 48.1 percent -for the pulp and grain lot and 46.6 
percent for the beet and grain lot. The amount of alfalfa 
consumed for each pound of gain was greatest in the pulp 
fed lot and least with the lot fed beets and grain. 

When the lambs were slaughtered pieces of the meat 
were sent to a number of people with the request that they 
furnish an opinion in regard to the quality of the mutton. 
With one exception all those who received the samples of 
mutton stated that the first piece, which was pulp and al- 
falfa fed, possessed yood flavor and quality, but was not so 
fat as the second piece which was corn fed. The following 
letter from Mrs. Carpenter is typical of the general opinion. 
Those receiving the samples did not know what kind of 
food had been given the lambs: 


‘““We received the two samples of mutton and I cooked them both 
by boiling. The flavor of the first piece was so delicate that it was hard 
to realize that it was mutton. Yet we liked the second piece better as 
it was fatter and juicier, and we prefer fat, juicy mutton. The flavor of 
the second piece was more like the mutton we are are accustomed to.’’ 


Nore. Lot X. was fed straw, beets, wheat and barley 
and made a total gain of 74 pounds. They consumed 436 
pounds of wheat and barley, worth $4.36, 683 pounds of 
sugar beets, worth $1.37, 512 pounds of straw which we will 
estimate at $1.00 per ton or 25.6 cents. The total cost for 
the food is $5.99. The value of the gain is 62 pounds of 
flesh at 6 cents, equals $3.72, and 12 pounds of fleece at 10 
cents, $1.20, or $4.92. This gives a loss of $1.07, providing 
the lambs had been fit for market. As they were not fat 
enough to slaughter this does not express the total loss. 
The alfalfa, beet and grain ration in Lot IV. above gave a 
profit on the gain of $2.23./ This forcibly illustrates the 
value of alfalfa and the fact that sugar beets must be sup- 
plemented with other nutritious roughage in order to give 
profitable returns. 


Reel. 


Fed Corn and Alfalfa. 
Given Warm Water to Drink. 


PLATE, IV: 


Fed Corn and Alfalfa. 
Given Cold Water to Drink. 


Pie have 


Representative Carcasses of Lots 
Ld LLY aya Ve 


LAMB FEEDING EXPERIMENTS. Wy, 
COST AND PROFIT. 


Table VIII. gives the cost and profit from feeding lambs 
with sugar beets and beet pulp rations. The estimate of 
profit is based on a price of six cents per pound for the 
gain made during the feeding period and is the comparative 
rather than the total profit. The total profit would vary 
with the first cost of the lambs and the selling price. Our 
lambs cost us almost five cents per pound, and if sold at an 
advance of one cent, or six cents per pound when fat, the 
profit would be increased by the cent per pound for the 
weight of the lambs when put on feed, or an average of 
about 55 cents, amounting to $2.75 more for the fat lambs 
in each pen than the profit indicated in the last column 


of the table. 
TABLE VIII. 


COST AND PROFIT. 


Cost Cost Value Value Total 
Feed. of 1b: Gain Wool ||Value of || Profit. 
Feed. Gain. @ 6 cts. |} @ 10 cts.|} Gain, 
$ cts. $ $ \| $ $ 
1570) nt Dae Pulp, Alfalfa, 2.76 2.88 4.56 1.60 6.16 3.40 
okies. Pulp, Grain, Alfalfa|| 5.17 4.65 5.64 1.70 7.34 2.17 
| 
| 1 ae 
ot EEES.-. Beets, Alfalfa,* 5.08 4.16 6.36 1.60 7.96 2.88 
| 
Lot IY.....||Beets, Grain, Alfalfa 6.73 4.87 7.26 1.70 8.96 2.28 


*Fed grain last three weeks. 


The cost for each pound of gain was the lowest for Lot 
I. fed pulp and alfalfa. A good gain was made by this lot 
and the low cost of the food made the cost per pound of 
gain only 2.83 cents, while the total profit on the gain is 
$3.40 which is the highest return made by any lot in either 
experiment I. or experiment II. (See Table XV. Experi- 
ment II). While the profit was greater than that from any 
other lot their total gain and the per cent of dressed weight 
was lower than any of the others which might have pro- 
duced an appreciable effect on their selling price in the 
open market. All the figures here given account for one 
day’s shrinkage in the yards, but if shipped a long distance 
it is not unlikely that the shrinkage would be greater from 
the pulp fed lambs. 

The next best profit was from Lot III. given sugar beets 
and alfalfa with some grain the last thirty days. This lot 
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ate less food and made larger gains than the pulp fed lambs, 
but the increased cost of food reduced the profit. Lot IV. 
fed beets and grain made a greater profit than Lot II fed 
pulp and grain, though the difference is small. {he total 
value of the food steadily increases as the grain and beets 
are added to the ration, and the total gains made, also in- 
crease but not in proportion to the increased cost of food. 
The object of lamb feeding in Colorado is to find a 
market for the surplus alfalfa and the profit for such feed- 
ing is often expressed by the value received for the hay so 
used. Then giving the other foods their local market values 
the hay made returns in this experiment of $12.20 per ton 
in Lot I.; $7.36 per ton in Lot I1.; $9.86 per tenin Lot IL 
and $8.18 per tonin Lot IV. Giving the alfalfa a local value 
of $4.00 per ton on the farm, the profit for the gains made 
would show a return from feeding pulp with it in Lot 1. of 
$4.28 per ton and $4.88 per ton on Lot II. Allowing $4.00 
per ton for alfalfa and one cent per pound for the grain, 
the sugar beets made a return in Lot III. of $7.96 per ton 
and in Lot IV. the return from the beets would be $8.22 per 
ton. When one begins to compute returns made by any 
one food in this way he realizes at once that at best the re- 
sults are only comparative. There is nothing to show that 


the food which appears to have given the return indicated 
actually did produce its proportion of the gain. Again the 


final value will vary greatly with the proportion of each food 
consumed in the ration. However, as a means of compari- 
son it serves a purpose. The figures we have given show 
that pulp gave approximately one-half the return pound for 
pound that was obtained from beets, but because of its 
cheapness it gave an apparently large value for the hay fed 
with itin Lot I. All of our estimates of cost and profit are 
based on amount of food eaten and the value of the gain. 
This method is sufficient for reliable comparisons and _ is 
used with the assumption that the increased selling price 
over the price paid for feeders will meet all labor expense 
and necessary waste. 


LAMB FEEDING EXPERIMENT NO. 2. 


Experiment No. 2 was planned and carried out coincident 
with and as a part of Experiment No.1. The lambs used 
in these trials were from the same flock. The separate lots 
in the two experiments were all selected at the same time 
in order to avoid as much as possible any error in individu- 
ality due toimproper care in selecting. The object of this 
experiment was to compare our home grown grains and 
combinations of them with corn. These two experiments— 
first and second—having the same conditions throughout, 
and there being no apparent difference in the class of ani 
mals used, afford an excellent opportunity to check the 
parative profits of pulp, sugar beets, corn and our 
grown grains when fed with alfalfa for fattening lambs. 

As stated before, these were Mexican lambs and were 
in very poor condition for that class. The returns then 
should represent the minimum profits at the price per 
pound allowed for the grain. In order to eliminate 
confusing data the profits are figured on gain or 
attempt was made to show actual profits by taki 
sideration the initial cost to us and the final inco 
the lambs were sold. The lambs in both these experiments 


were treated alike in everything except the kinds of food 
given. They were fed and watered at regular hours, twice 
each day, and the waste not eaten was weighed back daily. 
The lambs were sheared during the week, April 12th to 
April 19th and the wool credited to them at the selling 
price, which was ten cents per pound. Careful notes were 


kept to put on record complete information of the progress 
of the experiment. No unusual incidents or accidents oc- 
curred which would seriously mar the experiment. Lamb 
No. 37 in Lot VIII. became entangled in the fence and was 
found dead the morning of the day the other lambs were 
slaughtered. His live weight at the end of the previous 
week having been secured, and the fact that the gain for 
the last week so nearly offset the shrinkage during the last 
twenty-four hours when they were off feed, makes no cor- 
rection necessary in reporting the results. The per cent of 
dressed weight for Lot VIII. is averaged for four instead of 
for five lambs. 

April roth lamb No. 43 in Lot IX. dropped a buck lamb 
which was taken away and she was allowed to remain on 
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feed until the end of the experiment. 
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She did so poorly, 


towever, that in order to compare this lot with the others 
in profits, the averages for Lot IX. are taken fromthe re- 
maining four lambs as indicated by foot notes in the tables 
when the correction is necessary. 


TABLE IX. 


FOOD EATEN, IN POUNDS. 


| Lot V. | Lot VI. Lot VII. | Lot VIII. | Lot IX. 

SEIE(S ELEN PIElE SEE Z Ze 
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Representative Carcasses of Lots 


VI and VII. 


PLATES Vie 


Representative Carcasses of Lots 
VIII and IX. 
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PLAN OF EXPERIMENT NO. 2. 


The plan of the experiment was as follows: 

Lot V. was fed corn and alfalfa. 

Lot VI. was fed spelt (emmer) and alfalfa. 

Lot VII. was fed barley and alfalfa. 
; Lot VIII. was fed wheat, barley and alfalfa, the wheat and barley 
in equal amounts. 

Lot TX. was fed wheat, spelt, (emmer) and alfalfa, the wheat and 
spelt in equal amounts. 


Lots V., VI. and VII. were fed ninety days. Lots VIII. 
and IX. ninety-five days. 

The alfalfa was fed in such quantities that it would be 
before the lambs all the time. The corn and other grains 
were fed in small quantities at first, increasing the amount 
gradually to one and one-quarter and one and_ one-half 
pounds daily per lamb. The larger amount was fed only 
a short time. The feed was charged at local prices, which 
were at the time of the experiment $4.00 per ton for alfalfa 
on the farm, $1.30 per hundred pounds for corn, and one 
cent per pound for the wheat, barley and spelt. 

Table IX.shows the amount of food given each lot for 
periods of one week, also the total amounts given each lot 
and the arnount of waste. This table shows the details of 
the feeding, the increase in the gain, and any irregularity 
which may have occurred in the appetites of the animals. 

Table X. shows the average amount of each kind of 
food and the total daily consumption by each lamb. Lot 
VI. fed alfalfa and spelt, ate more food than any of the 
others, although the total daily consumption of food differs 
little in any of the lots. The lambs in Lot IX. ate less 

_alfalfa than those in any of the other lots, and less total 
tood daily. They were given wheat and spelt, which could 


TABLE X. 
AVERAGE FOOD EATEN DAILY, IN POUNDS. 


De coed bawcacet hearers (eras baits 
pe ee, lhe MATS 0.88 2.66 
se ree FO aA 8, ok anaes aad | ee eer aE 2.92 
(Pt eee | Oem ies oe 2.84 
ine AON Ne ees | 0.465 | Gap anes | 2.73 
phy te 1.15 z OL | eee aT ye | 2.67 
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hardly be considered a variety of food because the spelt is 
a wheat, differing from the common variety principally in 
the chaff which encloses the spelt kernels. The lambs got 
off feed more quickly on this ration than on any other and 
made comparatively poor gains. 


TABLE XI. 


INDIVIDUAL WEIGHTS AND GAINS, IN POUNDS. 


Lot Y. Lot VI. Lot VII. Lot VILLI. Lot IX. 
MasiNiOwcaae oe ee eee 21} 22| 23 |24/25|)26) 27 |28]29/30]|31|32/33/34|35||36/37|88)39) 40) | 41/42/43) 44) 45 
March 5......-... eee eeeee ee ee ee | {55]58/53]541 49] |56}50/ 55 154154] 159/58 /58|58/54/151) 43/48) 44/50) 161154/55/52/62 
March 8.......... -e ee eee ee eee «+ |(99}68]57 | 57/531 157 |59|62/60/64| |62)63/63/63)63! (50/51/50) 49/52] |65|58]60155 167 
March 15 ........... 02.0022 + |/65172/65160/56]165/60/65 |63/62||69/64/62/64}62| |57/54/59|/56/60||67|60)65/54/69 
March 22............-2.2++++--. -|/64]71]63/60]57] |61/61)65/63/60} |66/62/63 161/63) | 54/54/57 /55]59) 166/57 |64| 53/61 
i 
Mar Gh 29). systetasrsaracctaj otis atte marsini ats 67/76 |65}60|61 | |66/63|68/66/63) |68|67/68]67|68} /54/59/61)59/63)/69/60/69/56/69 
April 5.2.0.0... 2c. ee eee ee ee - + |{69}80]69)/65 64] 62/66] 71/68) 66]|172)68/70/68/68) 163/51 /62160]65||71/64 |72/58}72 
April 12........... .............}/68}80/65/63)/64] | 71/65/69} 66/66} |68/67169|70|66||61)20|62|60|66|/72|63|66|58)72 
t i 
i | 
ADP LOS. cca cantante Ree eee 63]76/62/64/ 59) |67/65)67 |/64/62||64/67/69/67|62||/66/62/61/59/64| | 71)58)55/56/68 
ADT 26 asin cea te araiecieereenee 66/81/65 /68/62}|/70/65|70/68/64| 168/68] 70/69}68}|64|64163|60/66!|73|61\57|58/70 
May3 nace e ose er cere 72|88)63|76/67| |76|75| 74/73/68) |76|75}74!75|74||68/63|62|62/70!/76|601/61 163/75 
| 
Miayil Op seen ene cate 70/82|68|73)/66}|78/75|80) 74169] |74| 75/77/74 | 74||70/69|69/65|75 1179/68/63 164/78 
May 17... oon. cece nee cece vues -|168184/88) 751681128) 7217 9172/70 |72/70|76 71/72) |64/65/60}59]69}/65/65|56/59/72 
| 1 
May 24.... 2.2.2.2... 20 ....0.-. «. |]73]88}69175/69]/ 78) 75/81/74) 711173/74176]72177| |70168161 162175|179166/58164|77 
May 31.............. 2.0.20. 00..|/75/91/'74)781741182180]841771751175175 79) 76}79| | 76} 71/69) 65|75]| |82/ 67 (59) 64/76 
| = 
June 3 Pe ee ic 4 -- |)76)81!73/79)73) 182) 77184) 78175||76)76}79)75| 78) |75 io ssl 77 
LWEYSGIE GANGo Meee aan Oe ue ser anted ed sth i 3] 3] 4) 2] 3)] 3} 3) 5} 3] 6]] 3] 1) 38) 4 |» 4| 3] 2) 3 
Total Gain.....................|123/26125128]28 29/30/33] 26} 24 sot nn 27/29/21 sf 19] 8/21/18 
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WEIGHTS AND GAINS PER WEEK—CORN AND SMALL GRAINS. 


Table XI. reports the individual weights and gains 
made by each lamb. The weights for April 19th were made 
after shearing, and the apparent loss that week is due to 
the removal of the fleece. 

Lamb No. 43 in Lot IX. is one previously spoken of 
which it-is necessary to drop out in making the final aver- 
ages. All the others make fair gains. 

Table XII. gives the gain or loss each week for the five 
lambs in each lot. 


TABLE XII. 


POUNDS GAIN PER WEEK. 


Lot V. Lot VI. Lot VII. Lot VIII. Lot IX. 


ERE eee Pe Pes. i uk 9 25 ao 27 16 21 
IMWrarehclit. 8 07. oe _ 24 te 7 34 10 
WinTe hate? fe c- oSek tan ee -3 -5 —6 ~7 14 
Minar Chu2o ste aes 14 16 23 17 22 
JN a} eh Soa 4 tee 18 ff 8 15 14 
Jar Be Bh lene tee 4 ee RD —7 4 -6 a) -6 
Je 1) See eee Sees il 3 9 ily -9 
Jax OVE LAAT sil eee ok, es oe 18 12 14 5 1 
IN ket oh Ae ee 24 29 31 8 16 
ie veel ne a ieee -7 10 0 23 17 
Ravel ee 4 -5 -13 -31 —35 
Wa vcd ee oe ee 11 8 It 19 27 
14 BR SY Wane dO i eens 18 19 12 20 4 
I RENICCO RN ero tN Se -10 -2 0 -3 Tal 
Total Gain Flesh................ ibe. 127 97 il Ts) 
Hilcacos ets oy wa Lge 15 20 14 14 
Total Gain with Fleece....130 142 Waly SH 89 


The losses on April 19th were due to taking away the 
fleece that week. There is much variation in the gains 
week by week. The table shows that all the lambs except 
those in Lot V. lost weight during the week of May 1oth to 
17th. This was evidently due to the over feeding of grain. 
On May oth the ration of grain was increased in all the lots, 
from one to one and one-quarter pounds per head daily to 
one and one-half pounds per head. Our notes show that 
during this week the lambs refused to eat up all of their 
grain. This was especially true with Lots VIII. and IX. 
where wheat was a part of the ration. The ration was re- 
duced to one and one-quarter pounds daily per lamb on 
May 16th, and all the lambs again began to make gains. 
Corresponding losses, but not in quite such a marked degree, 
seemed to have occurred during the third and sixth weeks 
after the lambs were put on feed. The largest total gain 
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was made by Lot VI. which received the spelt ration and 
the smallest gain was made by Lot IX. which was fed 


wheat and spelt. 


and the total gain. 


FOOD EATEN AND GAINS MADE, 


we Table XIII. gives the total amount of each kind of food 
eaten, the initial average weight of the lambs in each lot, 


The weights and gains in Lot IX. are 


computed from the averages of the four lambs which made 
normal gains during the feeding period. 


TABLE XIII. 


FOOD EATEN AND GAINS, IN POUNDS. 
: S verage o 
s u Food Eaten Weight 5 ® 
-e £ Me) ® 
a Q = : 
S fe = S = = 2 ae = B 
Bote Bey Bed Be) Beate cael ees il pe 
Bick all Sd meal tees lees at eral ae ae 
Lot V 5 90 803 AOA MS terenerei| tore Ris voce felerctouse 58.8 | 78.4 || 118. 17 
Lot VI 5 90 BBO. fren eiae [taser ssctlllsieimarers 430 || 53.8 | 78.2 || 127.0]) 15 
Tiote Villas cee ee reeer 5 90 BBS iets lie cite ADA seme 57.4 | 76.8 97.0 20 
ote ViPh, Seance 5 95 852 221 PEM care 47.2 | 70.6 || 117.0 | 14 
A Go) ee) DDSESe Sea ares See 5 95 SEO teeeetes RISE meee 218 || 57.5 | 75.0 || 87.5 | 14 
*Average of four lambs. 
**Hstimated gain of five lambs from averages of four. 
TABLE XIV. 
FOOD EATEN FOR ONE POUND GAIN. 
Food f i 
ood for One Pound Gain. Cost Parcont 
1 lb Dressed 
Alfalfa Corn Wheat | Barley Spelt Gain Weight 
lbs. lbs. lbs. Ibs. Ibs. 
Boe Nae Sse 6.17 8,09) viene ent ence ecia $35 | 52.1 
EO GaV Leer emcee ete G26) Vl) sister eee lee metered Meee petee 3.03 4.28 | 49.2 
Liou V Desa deca reer Ais). "| cee avatacise eal hte omen ame BW SEP alors aGhand 4,95 ! 48.8 
Dot NGliseccscncsakeer. B09 ile. coronene 1.69 169 Fou Beerercere | 4.68 | 49.6 
Wot IXsrs...coeen seen SWAN wit eee 05 2.14 | duiapeeplane | 2.14 | 5.98 59.0 < 
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Table XIV. gives the amount of each kind of food 
eaten for each pound of gain produced and the per cent of 
dressed weight, with the cost of each pound of gain. There 
is a_ marked variation in the per cent of dressed weight. 
Lot IX. dressed 59 per cent and Lot VII. 48.8 per cent, a 
difference of over 10 per cent. This condition would have 
much to do with their value on the market and those with 
the low per cent of dressed weight would give less profit. 

The best general result was obtained with the spelt and 
alfalfa ration fed to Lot VI. These lambs consumed 6.26 
pounds of alfalfa and 3.30 pounds of spelt at a cost of 4.28 
cents for each pound of gain. This is very close to the 
amount ot hay and corn for each pound of gain, but because 
of the high price of corn, which cost us $1.30 per hundred 
pounds, the cost of each pound of gain was nearly one cent 
higher than in the spelt ration. If corn was obtained for 
$1.00, which was the price allowed for the spelt, the cost of 
each pound of gain would be 4.32 cents, or within .o4 cents 
of the cost of each pound of gain with the spelt ration. 
This difference is very small and the corn ration lambs 
dressed almost three percent better than the spelt ration 
lambs. 

The next best result was obtained with Lot VIII. fed 
wheat, barley and alfalfa. These lambs ate 6.5 pounds of 
alfalfa and 3.38 pounds of grain composed of equal parts of 
wheat and barley, for each pound of gain, making the gain 
cost 4.68 cents per pound. At the same price the corn ra- 
tion would have produced a little cheaper gain than this, 
but the farmer could not afford to sell his wheat and barley 


TABLE XV. 


COST AND PROFIT. 


Cost Cost Value Value Total 
Feed. of Tk Mays Gain Wool Value Profit. 
Feed. Gain. @ 6 cts. || @ 10 cts.|| of Gain. 
{ 
$ cts. $ $ $ $ 
MUO V acc. Corn, Alfalfa, 6.83 5.25 6.78 1.70 8.48 1.65 
Lot Vi..... Spelt, Alfalfa, 6.08 4.28 7.62 1.50 9.12 | 3.04 
Dotviils.. Barley, Alfalfa, 5.80 4,95 5.82 2.00 7.82 2.02 
Wheat, Barley, 6.12 4,68 7.02 1.40 8.42 2.30 

Lot VIII.. | Alfalfa, 
Lot IX,.7.. Wheat, Spelt, Alfalfa 6.18 5.98 5.25 1.40 6.65 52 
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or spelt at one cent a pound and pay the prices which pre- 
vailed for corn the past year. 


COST VAN DSE ROH: 


Table XV. presents the results of the experiment in the 
dollars and cents form. 

Here is given the cost of food consumed by each lot of 
five lambs, the value of gain made at six cents per pound, 
and the total profit on the gains. As before stated, this 
profit would be increased by the amount of the increased 
price of the fat lambs over the original cost of the feeders, 
and the cost would be imcreased by adding the cost of 
labor, interest on the investment, etc. Here again the best 
results were obtained from spelt and alfalfa, the total profit 
being $3.04. The next best results were obtained with Lot 
VIII., fed wheat and barley, which produced a profit of 
$2.30. Lot VII., fed on barley and alfalfa, gave a profit of 
$2.02, and the profit with the corn and alfalfa fed lot was 
$1.65. Lot IX., fed wheat and spelt, produced a profit of 
only 52 cents, probably because this ration was not well 
balanced. 

Had the corn been obtained at the same price as other 
grains, $1.00 per hundred, the total profit from Lot V. would 
have been $2.86. This is still not so good a profit as was 
produced by the spelt ration, but was better than the other 
grains or combinations of them used in this series of ex- 
periments. 

It would appear from comparisons of Lots V. and VIII. 
that when wheat and barley are worth $1.00 per cwt., corn 
would be worth approximately $1.11 per hundred pounds. 
This experiment indicates that spelt has a high feeding 
value, but it would hardly be safe to recommend it without 
reservation from a single experiment. Further trial will be 
made with it in the near future. Computing the value of 
spelt from this experiment, compared with wheat and bar- 
ley at $1.00 per hundred pounds, it would appear to have a 
value of $1.13 per hundred, or two cents per hundred more 
than corn. 

_Crediting all the profit to the alfalfa as we did in Ex- 
periment I., we have a return for the alfalfa fed to Lot V. 
of $6.42 per ton. The profit on Lot VI. would give the al- 
falfa a value of $9.48 per ton, Lot VII. $6.77 per ton, Lot 
VIII. $8.00 per ton, Lot IX. $4.19 per ton. 

_ Comparing profits in Experiment I. and Experiment II., 
which cover the nine lots of lambs, we have the largest 
profit from Lot I., fed pulp and alfalfa, and the second best 
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profit from Lot VI., fed spelt and alfalfa. The third best 
combination of foods seems to be that given to Lot III., 
which was fed beets and alfalfa anda small ration of grain 
during the last thirty days. The wheat and barley gave us 
slightly better profit than the lot fed pulp, grain and alfalfa. 
The corn ration gave a lower profit than either of the lots 
fed pulp or beets with or without grain. 


LAMB FEEDING EXPERIMENT NO. 3, 


COMPARISON OF HOME GROWN GRAINS WITH CORN, 
WARM AND COLD WATER. SHROPSHIRE 
GRADES AND NATIVE LAMBS. 


OBJECT AND PLAN OF EXPERIMENT. 


During the winter of r1g00-ol1 an experiment was 
planned to test the value of a mixture of home grown grains 
compared with corn for fattening lambs, and to determine 
whether or not there would be any advantage in giving 
lambs warm water to drink instead of cold water. For this 
purpose twenty western lambs, half of them Shropshire 
crosses raised on the College farm, were divided into four 
lots of five each and given the following rations: 


Lot I. was given an equal mixture of oats, wheat and barley with 
alfalfa and cold water. 


Lot Il. was fed the same as Lot I., excepting warm water (80-100 
F.) was given twice daily instead of cold water. 

Lot III.-was fed corn, alfalfa and warm water. 

Lot IV. was fed the same as Lot III., except cold water was given 
in place of warm water. 

Each lamb was marked with an ear tag and weighed 
separately once a week. [Each lot of lambs was given an 
equal amount of shed room and the same sized yard to run 
in, and were treated alike in every respect. Grain, hay and 
water were supplied twice daily and the orts were weighed 
back daily. Previous to the time the experiment was begun 
the lambs had been fed alfalfa and a very small amount of 
grain, and were in a good thrifty growing condition. One 
half pound of grain per head was fed daily the first week 
and this amount was increased to three-quarters of a pound 
the second week. The grain was gradually increased until 
March 16, when they were receiving one and three-fourths 
pounds per head per day. 

The prices of food used in this experiment were as fol- 
lows: 

Alfalfa hay on the farm, $4.00 per ton. 

Corn, local market, $0.80 per hundred pounds. 

Wheat, oats and barley, $1.00 per hundred pounds. 
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Table XVI. gives for periods of one week, the amounts 
of the different rations fed and the orts weighed back. 


TABLE XVI. 
FOOD EATEN, IN POUNDS. 


| 
Lot I. | Lot II. Got IIT. Lot IV 
Oo; Ele > (> Ql, >rl = Ql er) 
e115 =| al215/ 5/2/22 5/2/22 18/ 2/5/22 
aes Sl =A) reat) Fs i B= insole er oo Te, pte tl es 
14 Fea eal Os ed | 1a ca Lag | ete sal Wheat salsa 
afc 1: | ONE): lola) Ss Sl emsecuestiiioths Wels eS 
2 2): 3\| 3 FT|) 2) 2 > | y]ele 5 a 
Sli lel: [Py Sl: jee) ei: |: [eis] s |: |? 
o 7 3 ~ ; 5 fe) s ) 5 (e) 5 
= : = zt 5 al 
gl: ies 2 & ; 2 
| 
Jan 23-30......... || 17] 96] 27} 233] 60|| 17] 95} 21] 233] 38 1 5 19] 233] 50|| 17] 96] 24] 283] 50 
Jan, 30-Feb. 7... | 26| 90 13| 185] 41|| 26) 90] 17/ 195] 18]| 26} 90! 17] 185] 21|| 26] 90] 17| 185] 28 
1 
| 
LUST VES Cian ape 35) 105] 28] 210) 29|) 35| 105) 25] 210] 27/| 35] 105] 24) 210) 26|] 35] 105) 26] 210] 37 
Robe is-20 sees 44| 103] 27] 210] 43]| 44/ 103] 30] 210) 29|| 44) 103] 28] 210/ 20]| 44] 103] 30] 210] 30 
| 
Webs20-27- || 52] 91| 24) 210] 22/| 52] 91] 28] 210) 35/| 52) 91] 24) 210] 21)/ 52) 91] 24] 210) 31 
| ! z 
Ih 
Feb. 27-Mar.7... || 61/ 104] 38] 240] 36/| 61] 104/ 30] 240] 77|| 61| 104) 28] 240] 23]) 61] 104] 29] 240] 60 
J 
j | | | | 
Mar. 7-14...22... 56| 91) 30] 225] 291] 56! 91) 24) 225] 43/] 56) 91) 26] 225) 27/| 56] 91) 21 5 47 
Mar. 14-21....... || 60) 91) 52] 245) 40/| 60] 91] 54] 245) 53]! 60] 91} 45] 245] 31{| 60] 91] 58] 245] 58 
] | | 
Mar. 21-28....... 61; 91| 39] 241] 37|| 61/ 91| 42) 241) 34/| 61] 91] 35] 241) 26]| 61] 91] 52] 241] 38 
Neel 
Mar, 28-Apr.4... || 61] 89| 37] 245] 72|] 61! 91] 38] 245] 48/| 61] 91] 31] 245] 46/) 24] 81] 33] 245! 99 
Apr 4-11........ || 49] 70] 32] 245] 84// 59] 84] 36) 245] 48]! 54) 91] 15] 245] 33]| 41} 70] 23] 245) 98 
Apr ell-igseane 49] 70| 28] 245] 81/| 49] 70! 42] 245] 991] 52} 91] £0] 245) 64]/ 45] 70] 27] 245/107 
Apr. 18-25..... al 49| 70] 21} 245] 73|/ 49! 70] 34] 245] 82|| 31| 70! 26) 245] 66]| 45] 70] 23) 245) 72 
Apr. 25-May 2... || 10] 40] 26] 187] 26]| 13] 45] 43] 139] 50|/ 22) 45) 32] 145] 47|] 22] 45) 33] 137] 46 
TUNES cadéinaken 630/1201/422|3116|673} |643/1221/484/31 18/676] |632|1250/390|3124 i 589] 1198|420/3116|802 
Totals for 4 sheep} |536|1091|355|2672|593/|538)1014| 103/2620] 589|/518] 1123] 326]2597|414|/509) 1026/363|2717|727 
Jan. 23-May 2..... 


FOOD AND WATER CONSUMED. 


One ewe was thrown out of each lot on account of drop- 
ping alamb; from Lot J. on April 4, Lot II. on April 11, 
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Lot III. on April 17,and Lot IV.on March 27. The “totals 
for four sheep” at the ,bottom of the table are corrected 
totals, and the ones from which the results are computed. 
Since one lamb was thrown out of each lot the results are 
all computed by using averages of the remaining four 
lambs. 

) The lambs:in-Uots Isand il, ate more ot theymixed 
grains than the lambs in Lots III. and IV. ate of corn. The 
corn fed lots in turn consumed more alfalfa than the grain 
fed lots. The water drank by the two grain lots and that 
drank by the two corn lots is practically equal. The two 
lots which were given warm water drank 145 pounds in ex- 
cess of that drank by the two lots which received cold 
water. This would be and average of one-fifth of a pint 
per head daily. 

Table XVII. gives the average amounts of food and 
water actually consumed by each lamb daily. 

Lots I. and II. ate more of the mixed grain daily than 
Lots III. and IV. ate of corn, but the grain fed lots atea 
little less hay per day than the corn fed lots. 


TABLE XVII. 


AVERAGE FOOD EATEN DAILY, IN POUNDS. 


Mixed Total 
Water. Alfalfa. Corn. Grain. Food 
TSO Ca eee en. hee aes SA 5.17 1.85 ESE) 3.20 


1 B{O15 J Ol A Spee ae eee es 5.12 1.54 1.36 2.80 
OCG a eee 5.51 2.01 1.30 3.31 
OCU eee ee ee eee 5.02 1.67 1.28 2.95 


WEIGHTS AND GAINS. 


Table XVIII. gives the individual weights and gains 
for each week while the lambs were on feed. This table 
also gives the amount of wool produced by each lamb, and 
the total gain including the fleece. The Shropshire crosses 
are indicated in the table and enable comparison to be 
made between them and the western lambs. 

It will be noticed that the Shropshire crosses made 
much better individual gains than did the other lambs. The 
two Shropshire crosses in Lot I. made an average total gain 
of 35.5 pounds, which was the same as the gains made by 
the other two lambs. In Lot II. the two Shropshire crosses 
made an average total gain of 36.5 pounds, and the other 
two lambs gained an average of 26.5 pounds. 

In Lot III. the three Shropshire crosses made an aver- 
age total gain of 40.6 (plus) pounds, and the other lamb 
made a total gain of 36 pounds. 
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In Lot IV. the two Shropshire crosses made an average 
total gain of 43 pounds, the other two lambs an average 
gain of 29 pounds. 

TABLE XVIII. 


INDIVIDUAL WEIGHTS AND GAINS, IN POUNDS. 


| Lot I. | Lot II Lot ITI, Lot IV 
| lg) |glg $ gigi gl {8 
2 all elo ° eiall fel le 
3 2) |313 3 gigi] | 8 g 
& a &| & a 2 | & 2 & 
= : wae 
PEPIN saeco icalncieciece 594 | 666/669|674/682)||670/673/6751679|683! |663/664/681/685/591 58508 678/684/686 
AA AS aaa eee 55/109 a 81} 85}| 74] 92) 97) 78) 96} 80} 91} 96] 983) 66 u| sf 90} 921} 92 
{ ) 
| | 
WANUATY OU haca Seen cic tee cee 55/110 83} 82] 89]) 75 | 99} 79] 97]) SL] 92) 98] 94 63 a| 85} 92} 94) 94 
| } j 
LAVA fy | | 57|114 G) 86} 90]| 79] 93/101} 80)103}! 84! 94/102) 98] 68]} 76] 92] 98! 95| 96 
| i a 
Mobrugry tl Oses5 = siecle ce eee || 62/118 86 90 94}) 80) 95/102) 80}107}| 87) 99)104)101} 70]| 77) 94 | 92) 101} 97 
! 
February 20..............|| 64/121) 91] 93} 95}) 82] 95}106] 87/110} 90/103/111/107| 74] 81) 97|104/105/100 
February 27..............|| 67/126] 90} 97] 97}/ 8£| 99/110) 87/115]) 9 |106}111|110} 81)} 84/101/109]110}104 
1. ES) SW levy ROR aa 72)131} 94} 97/103] 88)/104/116} 89/118]! 97}112/114/113} 85]} 86/105/112/113/108 
March 14...... Acct ice aar 74/136! 94/103}106)} 90/108/119) 92/124}} 98/117/120;115} 90}| 88)/109}116/117}112 
Wrarehioivee rts desc cme 77/138)105|106/110}) 91/110/124! 91/126]/102/122/124/120) 94]/} 90)112/118)121]115 
March 28.... .............{/ 81/147/104/111]112]| 93}115}/128) 96/135. 10n 129 sli 102]| 94]119/120)128)118 
) ) 1 
April DE RISE ee a orinajatte 85/150/102/114/115/} 95/116/133} 98}126;|106/133}129)120)101}} 93)114/117] * |116 
PACU ovetiee sicerasleicess 3 88) * |109]119}114)/102]122/139/193;} * |/110/138/133]127|108)} 98)124)125} * j124 
PAULL LO ies ak jcleisalsiae tue sterae s 90] * /114/122/122]|103/123/136/104) * |/112} * |187|129}109]/100)125)126) * |126 
P.O | POSS Ae RAC OL Oe 86] * 1105/111/115]} 98/115/131} 95] * ||108} * |125/122)102]| 93/119/115] * |119 
MT Veo cs ctor siaiacuh eaite eras 89) * |104/113/110 | 96/121/125) 90} * ||109) * |121]119]110]} 91]122/112] * |122 
Wisecemer cme raid sisi ecee 4 Rip eg a 1 7) 9} 9 8 UTS OHS 5| 9} 11 g 
| 
PotHInG aimee. 5 .ccsh ee coe 88 89} 41 | a 2 a7 a a 86 m9 50|| 25| 47] 32 89 


*Thrown out. 
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The nine Shropshire crosses in the experiment aver- 
aged 39.1 pounds gain. The seven native lambs averaged 
31 pounds gain, or 21.8 percent less than the Shropshire 
crosses. This shows the advantage of good blood, and of a 
mutton cross on the native sheep to produce profitable 
feeders. The Shropshire grades averaged 7.7 pounds of 
fleece, and the native lambs averaged nine pounds of fleece. 

The table indicates that the lambs made remarkably 
even gains. 

Table XIX. gives the pounds gain per week by each 
lot. There are some variations week by week, but the 
weeks which record losses are few. Except in the final 
week of the experiment, when the weights were taken after 
24 hours shrinkage with the lambs off feed, there are but 
two instances of recorded loss of weight, both of them in 
the corn fed lots. The gains for May 2d were from the 
final live weight of the lambs after they had been off feed 
and water for twenty-four hours. 


TABLE XIX. 


POUNDS GAIN PER WEEK. 
Lot I. Lot Il. Lot III. Lot IV. 
a 2 6 5 


SaAnwUaryes 0 ee ee aes 2 

(MO DTULALY le ee ee eee 7 10 11 20 
GDI War yal oes ae cee eee 16 4 10 5 
We D LUA yal 0 ee ee nee 12! 10 20 15 
TEEN OF ADEE Neal fern narra A Gory itn en ele 8 13 12 16 
WY EWG eal OP pamper eae  P ES Oy MEE oat, 15 17 15) 13 
Mar china is er ine eee 11 12 14 14 
IWarchi2| ce 6a ee rae mee ea nas Pit 7 Ney 10 
Mare pr 28 ose ek oe See ee eee 10 16 17 16 
2% 0 i Lex: eee a es ad NE a Oe 8 10 1 -l1 
ATI t i] Soe lon tae Seen nenee ge eee 14 24 22 31 
VA DTI S in Sse, 2 ee 18 0 9 6 
BNY 0} ot 1S eee Si en een A ey -3 3 -1 3 
Mia Weiter =| -2 if 1 
MotaliGainwiiles hess ese 114 91 124 110 
IRIO 6 CO 5) 28 terre ae ee 28 35 32 34 
Total Gain with Fleece.................. 142 126 156 144 


_ Lot III. fed corn, alfalfa and given warm water to 
drink made the largest total gain. Lot IV., fed the same 
ration as Lot III., except that they were given cold water 
to drink, made the second largest gain. Then followed 
Lot I. and Il. in order. The average total gain of Lots I. 
and II., the mixed grain lots, is 134 pounds; the average 
total gain of Lots III. and IV., the corn fed lots, is 151 
pounds, or an average of 17 pounds more of the four lambs 
in the corn fed lots than in the two mixed grain lots. As 
shown in Table XX., Lot I. given cold water, gained 16 
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pounds in excess of Lot II., given the same ration, but hav- 
ing warm water instead of cold water. Lot III., given the 
same ration as Lot IV., except they were given warm water 
to drink, gained 14 pounds more. Warm water appeared 
to have the advantage in the latter lots, but in the former 
the greater gain was made when cold water was given. 

If then warm water had any effect either way, there 
are other conditions which obscured the results. 


AMOUNT AND COST OF FOOD COMPARED WITH GAINS. 


Table XX. gives the total amount of food eaten and 
water drank and the total gain made by each lot during the 
experiment. By the use of this table the feeder can com- 
pute for himself the cost of food and value of gains under 
his own conditions. 

TABLE XX. 


FOOD, WATER AND GAIN IN POUNDS. 


=| 
| s es Food Eaten and Average 3 = 
fees Water Drank. Weight. E 2 
| =| g || 8 

pe Ee Pele Sake | = | ee 

ess rs = | EH By ite eS hy re] Re 
eS I eee Se fers ee ee 

1 oe en ee | 99 || 7386 | 536 2079 || 75.50/ 104.0/| 114 |] 28 

19) a 0 1 eA Secor 4 99 611 538 2081 || 85.25] 108.0 9) 35 
| | | | 

Lisgetey 10 ES mee ace ae ees ae em (Maney. 99 797 518 2188 || 88.75/114.75|| 124 32 
| | 
| | 

ROU MIN Secreta rere lacaes rte aie onto 4 99 663 | 509 1990 || 84.25)111.75)} 110 34 

| 


The corn fed lots show a total average gain of 151 
pounds, which is to be compared with a total average gain 
of 134 pounds in the small grain lots. For this gain it took 
an average of 513.5 pounds of corn in Lots III. and IV., and 
537 pounds of oats, wheat and barley in Lots I. and II. 

In Table X XI. will be found the amount of food eaten 
to produce each pound of gain, the cost of each pound of 
gain and the average percent of dressed weight in each of 
the trials. As no effect can be traced to the warmth of the 
water supplied we may average the results from Lots I. and 
II. fed the grain mixture, and those of Lots III. and IV. fed 
corn. Then with the corn ration it took 4.89 pounds of al- 
falfa and 3.37 pounds of corn to produce each pound of 
gain at an average cost of 3.67 cents. Withthe home grown 
grain mixture it took 5.01 pounds of alfalfa and 4.02 pounds 
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of grain to produce each pound of gain ata cost of 5.02 
cents. The corn fed lots made an average dressed weight 
one and one-half percent higher than the small grain fed 
lots. Then the alfalfa eaten is so nearly equal in each lot, 
we may say that 100 pounds of corn was equal in fattening 
value to 119 pounds of wheat, oats and barley. 


TABLE XxXIl. 
FOOD EATEN FOR ONE POUND GAIN. 


Food and Water for One Pound Gain. eS 
Cost Percent 
é 1b. Dressed 
Alfalfa. Mixed Corn. Water. Gain. Weight. 
Grains. 
lbs. Ibs. lbs, Ibs. cts. 
Lot I.. 5.18 3.77 14.64 4.81 638.4 
OG HLT Sacer mci entra 4.84 4.27 16,12 5.24 61.2 
TGC ALLY ohio aus oeeiee see Dela 3.21 14.17 3.60 63.2 
- = 
OGM fae crane saree cae see 4.60 ; 3.08 eau 382 3.74 64.7 


COST AND PROFIT. 


The comparative cost and profit of the different lots is 
obtained by figuring the gain made at six cents per pound 
and the wool produced at io cents per pound. This gives 
the total value of the gain from which is subtracted the cost 
of the food consumed. There is a marked difference in the 
cost of the food for the different lots even when fed on the 
same ration. Referring to Table XXII. it will be noted 
that Lot I. ate 23 cents worth more of food per lamb than 
Lot II., although both were fed the same ration of grain, 


TABLE XxXIl. 


COST-AND PROFIT. 


Cost Cost | Value Value Total 
Feed. of 1 lb. Gain Wool |/Value of || Profit. 
Feed Gain. @ 6 cts. || @ 10 cts.}| Gain. 
Cold Water, || *, Wen ih Be 8 $ 
Otters Alfalfa, Mixed Grain 6.88 4,81 6.84 2.80 9.64 2.81 
t ou Warm Water, p | 5S 5 9 
Lot II. Alfalfa, Mixed Grain 6.60 5.24 5.46 3.50 8.96 2.30 
iD ae Warm Water, ‘ 5 2 | 
ot III Alfalta and Cota: 5.78 3.60 7.44 3.20 10.64 4,91 
Cold Wat x : A 
Lot TV... MIRIeS ana Carat 5.40 3.74 6.60 3.40 10.00 4.60 
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and Lot III. ate 33 cents worth more of food per lamb than 
Lot IV., both being fed corn. 

The cost of the food eaten by Lots I. and Il. is higher 
than that eaten by Lots III. and IV., principally because the 
small grains were more valuable than corn at the time the 
experiment was carried on. The small grains fed Lots I. 
and IJ. were worth $1.00 per hundred pounds, which at that 
time was 20 cents more than the selling price of corn. The 
total profit from the eight lambs which were fed wheat, oats 
and barley was $5.11, while the total profit from the eight 
lambs fed corn was $9.51. 

Attributing all the profit to the alfalfa eaten we tind 
that the average of the small grain fed lot gives a return of 
$7.58 per ton for the alfalfa consumed, and the corn fed lots 
gave an average return of $13.03 per ton for the alfalfa con- 
sumed. Taking into account the oats in this ration, which 
are of doubtful value for sheep feeding, and the fact that 
the lambs were larger than those reported in Experiments I. 
and IJ. and were in much better condition at the beginning 
of the feeding period, the comparative values of the small 
grains and corn for lamb feeding correspond very closely in 
all of the experiments reported in this bulletin. 
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GENERAL SUMMARY. 


Beet pulp is a valuable roughage to feed with alfalfa, and we be- 
lieve would be especially valuable to use during the first part of a feed- 
ing period. Pulp fed mutton had good flavor, but was not very fat. 

Pulp and alfalfa fed lambs made gains at the least cost per pound, 
and gave us the largest profit last winter. The second best profit was 
from lambs which were fed spelt and alfalfa. The third best combi- 
nation of foods used from the profit standpoint was beets and alfalfa with 
a ration of grain the last thirty days, decreasing the amount of beets 
fed at the end of the feeding period. Wheat, barley and alfalfa gave a 
little better profit than alfalfa, beet pulp and grain. The corn ration 
gave the least profit when compared with any of the lambs which were 
fed beets or pulp. 

Beet pulp, which does not cost the feeder more than $1.50 per ton 
at his yards, will give a return sufficiently large to pay for using it in a 
ration, but we would not recommend letting lambs eat so much of it 
during the finishing period that they will not consume good rations of 
hay and grain. 

Sugar beets did not prove to have a high feeding value for lambs. 
It is doubtful if farmers can afford to feed beets to lambs if they can 
sell them to a factory at $4.50 per ton, and the conditions must be favor- 
able to make beets give a return sufficiently large to pay for raising 
them. Two pounds of sugar beets were equal to about one pound of 
pulp. 

Sugar beets and poor kinds of roughage cannot be made to take the 
place of alfalfa hay. 

These trials showed that at the same price corn had a feeding 
value greater than a mixture of wheat, barley and oats, or wheat and 
barley, or barley alone. 

Our single trial with Russian spelt showed it to have a feeding 
value at least equal to corn, and greater than wheat and barley. 

Shropshire grade lambs made much better gains than common 
western lambs when fed the same ration. Nine Shropshire grades made 
average gains of 43.6 pounds, and seven native western lambs made an 
average of 31 pounds. 

Our trials with warm and cold water given to fattening lambs did 
not show any advantage of one over the other. 
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Feeding Beet Pulp to Lambs. 


By H. H. Grirrin. 


The establishment of beet sugar factories in Colorado placed 
the pulp at the command of the farmer for use as stock food after 
the extraction of sugar. The writer realized that there would be 
much demand on the part of feeders for reliable information in 
regard to the value of this product for sheep feeding, as the feeding 
was done principally for this purpose and probably would be for 
years to come. The writer further realized that this demand 
would be emphasized in times of short corn crops in the east and 
consequent high-priced corn in the Arkansas valley. 

It was the wish of the writer to do some experimental feeding 
with this product in the way of comparing it with corn for fattening 
sheep. By the kindness of Mr. F. M. Harsin, of Rockyford, 250 
head of lambs were placed at our disposal to make a test. 

The experiment was planned as follows: One car load of lambs 
was to be divided into two lots. Each lot was to receive the same 
amount of alfalfa hay daily. One lot was to be fed corn as it is 
customary to feed corn in this country. The other lot was to receive 
pulp in lieu of corn in such amount as would be deemed best for 
the purpose of making the comparison. 

Further, it was intended to incidentally note the effect of the 
pulp upon the health of the sheep, on the amount of water drank, 
upon the quality of the meat, and to note how pulp-fed lambs would 
ship to market as compared to corn-fed lambs. ‘The writer realized 
that in the latter proposition was, to a great extent, the crucial test 
of its value. 

These lambs were a grade lot from the San Luis valley. Mr. 
Harsin had put them on hay and corn the tirst week in November. 
At the time the Station received them, in December, they were get- 
ting 7 oz. of corn per head per day. ‘They were weighed into the 
Station’s pens on the 24th day of December, 1900, 125 in each pen. 
The weight of pen I was 7,632 pounds or an average of 61 pounds 
per head; of pen II, 7,772 pounds or an average of 62 pounds per 
head. Each lot was given the same amount of hay daily. But few 
of the lambs took to pulp readily. It was ten days before all the 
lambs in pen II were eating pulp. Pen I was continued on 7 oz. 
of corn per head daily. 

February 21st a stampede of the sheep occurred by which a 
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few of the corn-fed lambs became mixed with those fed on pulp. 
They had not been marked, but as those not used to pulp refused to 
eat it, the separation was easily made. 

Both lots were weighed January 3d, and thereafter as often as 
fortnightly. Pen I weighed 7,710 pounds and pen II 7,744 pounds, 
so that by the time pen IT was eating pulp both lots weighed prac- 
tically the same. 

Pen I was now increased to 9 oz. of corn per head per day. 
Pen II was consuming 500 pounds of pulp daily, four pounds per 
head daily, equivalent to 6.4 oz. of dry matter. They were wasting 
some of this amount of pulp. Both lots were taking practically the 
same amount of hay, two pounds per head daily. Pen II was held 
to about 500 pounds of pulp daily until February 2d. At this time 
the pulp was increased to 750 pounds daily for three days, after 
which it was increased to 1,000 pounds daily. 

It was found that the lambs would not consume this amount 
of pulp, and that there was also a diminution in the amount of hay 
eaten. Consequently, in three days the pulp was reduced to about 
800 pounds daily, an average of about 64 pounds per head. The 
amount fluctuated some because of the waste which occurred. Lot 
II was continued on this amount of pulp until March 4th. 

The corn-fed sheep—pen I—were fed in the same way, gradu- 
ally increasing the corn, as is the general practice in this section. 
January 14th they were increased to 11 0z., on February 2d to 13 
oz., on March 5th to 16 oz. per head per day. One pound daily per 
head was the greatest amount because it was difficult to secure corn, 
and further because the dry matter being fed the pulp lot did not 
equal in amount that fed the corn lot. 

It was apparent that the supply of pulp would be exhausted 
before the lambs would be in proper condition for market. For this 
reason it was planned to add corn to the pulp ration and as soon as 
possible get the corn up to such an amount as the dry matter in the 
pulp and corn would equal that in the corn lot. Accordingly, on 
March 5th, the pulp was reduced to 400 pounds daily and 6 oz. of 
corn added per head daily. The corn lot—pen I—was getting one 
pound of corn per head daily. 

March 27th the corn in the pulp lot—pen Il—was increased to 
10 oz. of corn daily; the pulp and corn were estimated to contain 
the same amount of dry matter as the one pound of corn pen I was 
receiving. Both lots were continued on this ration until the lambs 
were shipped, on April 16th. 

Both lots were weighed at the Station on April 13th. Pen JI, 
which was now reduced to 122 sheep, weighed 10,532 pounds, an 
average of 86.3 pounds. Pen II (123 sheep) weighed 10,340 pounds, 
an average of 84 pounds per head. 

April 16th the lambs were put on the cars for shipment to 
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Kansas City. Pen I (121 sheep) then weighed 10,490 pounds, an 
average of 86.7 pounds per head. Pen II (122 sheep) weighed 10,- 
373 pounds, an average of 85 pounds per head. One sheep from 
pen II, while being driven to the cars, broke its leg and was not 
shipped. Four sheep were killed in pen I, two of which were butch- 
ered. Pen I thus gained 1.7 pounds per head more than pen II, 
comparing the weights from January 3d to the close of the feeding. 


The weather of December 30th to January Ist was severe, 


averaging ~6° on the 31st, but the gain made by the lambs was fairly 
good. 


TABLE I. 
< Hay. Refuse. Corn. Water. Gain. 
PERIOD. No. Days.| ps’ Lbs. Lbs. Lbs. Lbs. 
December 21-30............ q 1,494 | 52 351 1,783 
December 31—January 4.. 5 1,134 86 291 1,575 78 
January 5-14........ e 10 2,504 B55 708 4,050 279 
January 15-24. roe 10 2,250 350 860 4,040 513 
January 25—February 9 2,125 516 781 3,175 74 
February 3-13. .... 11 2,250 825 1,000 3,625 316 
February 14-23 ..... 10 2,500 270 1,100 4,605 
February 24—March 10 2,500 621 1,0124¢ 5,360 818 
cen eet se Saree (PAE OuRn 2,575 6,1033% 29,2138 2,078 
Manchie-2iee ceil 22 | 5,588 | 730 2,750 11,900 62 
March 28—April 13....... 17 4,178 433 2,090. 7,200 128 
April f4-166<.. 8.5) stenoses 3 680 200 302 : 44 + 
AUC ee, ae ee 114 27,208 4,088 |  11,245%4 48,313 2,902+- 
TABLE II. 
PERIOD. mee Hay. | Refuse) Pulp. | Refuse] Corn. | Water.) Gain. 
Ves 
December 24-30...... ........ a | 1,527 44| 1,780] 195 1,275 
December 31—January 4.... 5 1,134 66 2,325 41 575 =28 
Bannan pales ae eee oa 10 | 2.504 379 | 5,038 92 1,300 216 
drys deka oor) yoee  AA SB Nei 10 | 2,250 270 | 5,020 79 1,675 257 
January 25—February 2...... 9 | 2,125 263 | 4,732 22 1,050 131 
egbraarysole..aeeoc ues dnsa os 10 | 2.250 386 | 8,671 369 300 216 
HSebraary 18-235.5 o.oo cw ooo 11 | 2,500 338 | 8,969 98 365 
February 24—March 5........ 10 2,500 661 vinthy! 102 665 858 
Ouse ge onc Che eet 72 | 16,790 | 2,412 | 44,292 998 7.205 1.710 
ir 221 Baan SON mee 22 | 5,586 870 | 9.371 46 988 | 5.075 
March 98-April LGR ee 20 | 5,607 | 1,073 | 6,825 1,60734| 3,425 498 
SIRT Eh ok ol eR eR eee ren roe 114 | 27,985 | 4,355 | 60,488 | 1,044 | 2,5953¢| 15.705 2,678 
TABLE III. 
Pen I. Pern II. 
DATE. No. | Gross | Gain. |Wt.Per No. Gross Wt. | Gain. |Wt Per 
Sheep./Wt.Lbs| Lbs. | Head.|/ Sheep. Lbs. Lbs. | Head. 
os 125 | 7,632 61.0 125 1.772 62.1 
prea oe soot 125 | 7,710 78] 61.6 125 7.744 228 61.9 
January leh ak. 2s, 125 | 7.989] 279| 639 125 7,960 216 | 63.7 
ATU ANG 2A vate dase els 125 8,502 518 68 0 125 | 8.217 257 65.7 
WODIMATY 2a tee cle 126 8,576 74 68.6 125 8,348 131 66 7 
February 12.... ..... 125 | 8,892 316 71.0 125 8.624 276 69.0 
Machin meas fic koe: 125 | 9,710 818 | 776 125 9,482 858 75.8 
Marchioiivcec. so. a=. 124 | 10,362 652 | 835 124 9.952 470 80.2 
ATi leis Rene da cae 122 | 10,532 170 | 86.5 123 10,340 388 g4..0 
April e(epenene oe tec | pl2ib=10,400 ~42 | 86.6 || 128-122 | 10,450-10,373 90 85.0 
April 18 (K.C)....-.| 120] 9,280 | -1,210 | 77.8 117 8.380 | -493 75.9 
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TABLE IV. 
Dat Wonthor Water Drank | Water Consumed |fotal Water Con- Water Drank 
ate. eather. | pen II—Lbs. {as Pulp,Pen II. ]bs|sumed, Pen II, lbs | Pen I—Lbs. 
January 1...) Cold 100 390 490 300 
January 15.. Miid 115 441 556 315 
February 1.. Cold 100 461 561 300 
February &..| Cool 0 900 900 300 
March 1.....; Very Warm 100 750 850 575 
Mareh15)-call oe a 325 375 700 675 
Nj chet a eee Stormy 50 360 410 200 
Wotalircnce 790 3,677 4,467 | 2,665 


Feeding experiments nearly always show a lack of uniformity 
in gains, though the weather and kind and amount of food may be 
constant. 

Comparing the gain with the amount of food eaten, the pulp 
lot compares quite favorably with the corn-fed lot. Were the test 
to stop here, favorable claims could be made for the pulp. The 
crucial test came in the shipping. ‘The lambs were forty hours on 
the way from Rockyford to Kansas City without feed. The ship- 
ping showed that the pulp lot were weak-boned and had but little 
stamina; that the flesh was soft and shrank immensely, giving a 
much worse appearance than the corn-fed ones. 

On the cars four sheep died and one was crippled in the pulp- 
fed lot; one was crippled in the corn-fed lot. The lambs sold for 
$4.80 per cwt., the market being from $4.60 to $5.00 that day. The 
pulp lot in Kansas City had an average weight of 75.8 pounds. 
The corn lot had an average weight in Kansas City of 77.3 pounds. 
In shipment the corn lot lost 9.4 pounds per head, and the pulp lot 
9.2 pounds. The amount each lot shrank is practically the same. 
The four dead sheep were, of course, a total loss, which with three 
crippled (one corn—fed) ones indicates the lack of strength as com- 
pared with the other sheep. The attendant stated that the pulp lot 
sold higher than they would have had not they been on the market 
in small numbers with corn-fed lambs. ‘Thus while the average 
weights are about the same, the deaths in pen II and the general 
appearance of the lot plainly evidenced that they did not ship 
nearly so well as the corn-fed lot. 

The financial account based on the Kansas City returns stands 
as follows: 

117 lambs (fed on pulp), 8,880 Ibs., at $4.80.............. $426.24. Per head, $3.64 
L20Mamibs) fedion corm) 19)280iliosseanu: SO sneer 445.44. Per head, 3.71 
Balance infavoriofsthelcorny see ee eee eee 19.20. Perhead, .07 

If the lambs had been fed pulp exclusively until the time of 
shipment, I have every reason to believe that the per cent. of loss 
would have been much greater. Sult was given both lots twice per 
week, the pulp lot getting one-third more than the others. Evyi- 
dently Jambs fed on pulp should be given plenty of salt because of 
the absence of bone-forming material in the food. 

March 20th one lamb from each lot was sold to local butchers 
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to test the quality and appearance of the meat. March 28th two 
more lambs, one from each pen, were sold for the same purpose? 
Both lots dressed well and the proportion of dressed meat was about 
the same. The corn-fed flesh was considered some best in color 
and the carcass showed a good proportion of fat on the outside. 
The carcass of the pulp-fed lamb showed the most fat on the inside. 

The meat from each lot was of good quality and but little, if 
any, difference could be noted. At the time of loading on the cars 
one of the pulp lot broke a leg. The lamb was killed and dressed, 
but it dressed out very poorly. There was but little fat and the 
meat was of poor quality. This was a typical Navajo sheep, which 
may account for the failure to put on fat. 


As pen IT did not become accustomed to pulp until January 3d, 
the only safe comparison of gains that can be made is for a feeding 
period of 60 days between January 3d and March 5th. 


Referring to table I, we find that for this period pen I ate 5,590 
pounds of corn and gained 2,000 pounds. Pen IL ate 41,117 pounds 
of pulp and gained 1,728 pounds. Both lots had eaten practically 
the same amount of hay. It required 2.79 pounds of corn, in addi- 
tion to the hay, to make one pound of gain. It required 23.78 pounds 
of pulp, in addition to the hay, to make one pound of gain. These 
figures, reduced to their equivalents in dry matter, make 2.37 pounds 
and 2.34 pounds, respectively. The amount of gain corresponds very 
closely to the amount of dry matter in the food. Were the pulp so 
condensed that the same amount of food material could be consumed 
as of corn, it can fairly be said the results would be equal. These 
results are based upon the weights at the shipping yards and not at 
the point to which the lambs were*shipped. 

Pulp is not a condensed food and the capacity of the animal 
to take it is limited. The results from the pulp may be partially 
due to the cooling and regulating effect it may have upon the sys- 
tem. The office of the pulp would seem to be as follows: 

On account of its cooling and regulating effect on the system, 
and bulky, succulent nature, it would be a good thing to feed for 
some time after taking lambs from the range and putting them on 
dry hay. For the first two months of feeding the feeder does not 
care so much for the fat put on the animal as he does for the growth 
and for the enlargement of the animal’s digestive capacity. The 
alfalfa produces the growth and enough pulp can be consumed to 
fatten as fast as is desired in the early stages of the feeding. 

After the first two months of feeding I believe the lambs should 
be gradually accustomed to corn, and for the last six weeks of the 
feeding the pulp should be kept from them entirely. 

What, then, is the value of a ton of pulp for feeding to lambs 
as compared with corn, based upon the results obtained in|this feed- 
ing trial? The computations so far in this bulletin have been made 
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upon the supposition that pulp contains 90 per cent. water, which is 

“about right for the pulp we fed. One ton of pulp, therefore, con- 
tains 200 pounds of feeding material. For comparison we will con- 
sider corn worth, at the cars, 75 cents per cwt. A ton of pulp may 
be said to be worth $1.50, could it be fed without any outlay for 
transportation. 


The great consideration in estimating the value of the pulp is 
the matter of transportation. For convenience we will estimate the 
feeder is such a distance from a factory that it costs him $1.00 per 
ton to deliver corn to his yards. The corn at above rates costs him, 
then, 80 cents gross per cwt. It will take practically the same time 
to deliver a ton of pulp as it does a ton of corn. It has cost, then, to 
get the pulp $1.00 per ton. This would leave 50 cents for the value 
of a ton at the factory. If the pulp is shipped then the freight 
charges must also be deducted to obtain the price which the feeder 
so situated may afford to pay for the pulp at the factory. 


Let us inquire fora moment as to the amount of labor required 
to transport the same amount of feeding material in pulp as there 
is contained in ten tons of corn. We will suppose that the feeder 
is such a distance from the station that he can haul the above 
amount of corn in 15 hours, or at the rate of one ton in one and 
one-half hours. The trip can be made with pulp in about the same 
time, but two and one-half tons of pulp can be hauled at each load 
because it is of the same bulk as two tons of corn. ‘To haul a ton, 
which contains 200 pounds of feeding material, the cost then is 
$1.50. To get a ton of feeding material in the pulp it will take 12 
hours; to get the ten tons of feeding matter it will require 120 
hours. The cost at 30 cents per hour for man and team will be 
$4.50 for the delivery of the corn, and $36.00 for the delivery of 
the pulp. 


It may be said that the farmer has the pulp as a by-product of 


a beet business, and that it will be a waste unless he utilizes it for 
eed. 


Under similar conditions for which the above estimate is made, 
let us see what it may be considered worth to such a farmer for lamb 
feeding. The corn will cost him 77 cents per hundred weight (ap- 
proximately) at the feeding yards. The pulp has cost him only 
the delivery, or $36.00, which equals 36 cents per ton, or 18 cents 
per hundred weight dry matter; 77 cents minus 18 cents equals 
59 cents, the value per hundred weight of the dry pulp. As there 
are 200 pounds in each ton, then 59 cents < 2 cents, or $1.18. 
From this must be deducted the expense of delivering the pulp 
(labor of handling), together with the labor necessary to get the 
pulp from the silo to the sheep ~ a total of not less than 20 cents 
per ton. Deduct this from the $1.18 will leave 98 cents per ton as 
the value that may be attached to it by a farmer so situated. 


FrEeDING Breet’ Putpe to LAmps. g 


Mr. Rhodes, of Las Animas, has feeding yards about one mile 
from the depot. He delivered a considerable amount of pulp to his 
yards in the fall of 1901. The pulp cost him at the factory 25 cents 
per ton and the freight was 30 cents per ton, making it cost 55 cents 
at the railway station. He used a four-horse team and one man to 
deliver the pulp. He estimates that the total cost delivered at the 
pen was 75 cents per ton, and when fed from the silo the total cost 
was 85 cents per ton. 

The Station received from the factory 86,410 pounds of pulp, 
of which 59,576 pounds were eaten by the lambs, leaving 26,834 
pounds, or 32 per cent., as the amount of waste or loss. This may 
be considered as a maximum waste, as we had no silo in which to 
store the pulp. 

Some trouble was experienced in feeding the pulp in very cold 
weather on account of freezing. At such times it was found neces- 
sary to wait until about 9 o’clock in the morning before feeding. 
Again in the afternoon it was necessary to feed at 3 or 4 
o’clock so that the pulp could be eaten without freezing. With large 
lots of sheep this would be a matter of much consideration. 

A record was kept of the amount of water drank by each pen, 
and is given in table II. The result is interesting, as the question 
is often asked: “ How is it that the animals can consume so much 
watery material in addition to other food?” 

The table shows that, including the water in the pulp, the 
total amount of water consumed by pen II was greater than that 
rece'ved by pen I. The feeding of pulp is simply one way of fur- 
nishing the water supply. 

The experience in feeding pulp by different people, 1901, shows 
that where the animals are confined in pens that the yards become 
extremely wet. Such conditions are not favorable for the growth 
of the animal and reduce the benefits derived from the food. 


SUMMARY. 


Sugar beet pulp contains about 90 per cent. of water, hence 
there is but 200 pounds of feeding material in a ton. 

From weighings made on the sub-station farm the results show 
about equal gains in weight for the dry matter in the corn and in 
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the pulp when each are combined with alfalfa. 

Hence one ton of pulp is equal to 200 pounds of corn. 

Owing to the bulky nature of the pulp not enough of it can be 
consumed by lambs to produce sufficient fat to finish them; hence 
it should be fed to the greatest extent at the commencement of 
feeding. 

What is fed in the latter part of the feeding period should be 
used as an appetizer and a regulator of the bowels rather than for 
the fat it produces. 

Pulp fed in large quantities proces a soft flesh. 

The matter of transportation is a very essential one for the 
farmer to consider in the utilization of pulp. For the profitable use 
the yards must be near the factory or to railway facilities. 

When large quantities of pulp are fed to animals confined in 
small lots the lots become very foul, much to the discomfort of the 
animals and loss to the feeder. 
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